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NOVEL ADENOVIRAL VECTORS, PACKAGING CELL LINES, 
RECOMBINANT ADENOVIRUSES AND METHODS 



VTgI,r> OF TWg INVENTION 

The present invention relates to novel replication- 
def icient" "adiSwiral Vectors;-~fR^l--packagiw--cel-l-- li-nes- 
10 and recombinant adenoviruses for human gene therapy. In 

particular, the novel packaging cell lines have the 
complementary function for the early gene region El. E4 
and optionally the E3 deletions of human adenovirus. 

15 fl ftrKGROPg m OP THE TNVENTION 

Replication-defective retroviral vectors as gene 
transfer vehicles provide the foundation for human gene 
therapy. Retroviral vectors are engineered by removing 

20 or altering all viral genes so that no viral proteins are 

made in cells infected with the vector and no further 
virus spread occurs. The development of packaging cell 
lines which are required for the propagation of 
retroviral vectors were the most important step toward 

25 the reality of human gene therapy. The foremost 

advantages of retroviral vectors for gene therapy are the 
high efficiency of gene transfer and the precise 
integration of the transferred genes into cellular 
genomic DNA. However, major disadvantages are also 

30 associated with retroviral vectors, namely, the inability 

of retroviral vectors to transduce non-dividing cells and 
the potential insert ional mutagenesis. 
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Human adenoviruses have been developed as live viral 
vaccines and provide another alternative for in vivo gene 
delivery vehicles for human gene therapy [Graham & Prevec 
in New Approaches to Immunological Problems, Ellis (ed) , 
5 Butterworth-Heinemann, Boston, MA, pp. 363-390 (1992) 

Rosenfeld, et al. Science 252: 431-434 (1991), Rosenfeld, 
et al. Cell 68: 143-155 (1992), and Ragot, et al, Nature 
361: 647-650 (1993)]. The features which make 
recombinant adenoviruses potentially powerful gene 

10 delivery vectors have been extensively reviewed [Berkner, 

Biotechniques 6: 616-629, (1988) and Kozarsky & Wilson, 
Curr. Opin. Genet. Dev. 3: 499-503, (1993)]. Briefly, 
recombinant adenoviruses can be grown and purified in 
large quantities and efficiently infect a wide spectrum 

15 of dividing and non-dividing mammalian cells in vivo. 

Moreover, the adenoviral genome may be manipulated with 
relative ease and accommodate very large insertions of 
DNA. 

The first generation of recombinant adenoviral 
20 vectors currently available have a deletion in the viral 

early gene region 1 (herein called El which comprises the 
Ela and Elb regions from genetic map units 1.30 to 9.24) 
which for most uses is replaced by a transgene. A 
transgene is a heterologous or foreign (exogenous) gene 
25 that is carried by a viral vector and transduced into a 

host cell. Deletion of the viral El region renders the 
recombinant "adenovirus defective for replication and 
incapable of producing infectious viral particles in the 
subsequently infected target cells [Berkner, 
30 Biotechniques 6: 616-629 (1988)]. The ability to 

generate El -deleted adenoviruses is based on the 
availability of the human embryonic kidney packaging cell 
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line called 293. This cell line contains the El region of 
the adenovirus which provides the El region gene products 
lacking in the El -deleted virus [Graham, et al , J. Gen 
Virol. 36: 59-72. (1977)]. However, the inherent flaws of 
5 current first generation recombinant adenoviruses have 

drawn increasing concerns about its eventual usage in 
patients. Several recent studies have shown that El 
deleted adenoviruses are not completely replication 
incompetent [Rich. Hum. Gene . Ther. 4: 461-476 (1993) and 
10 Engelhardt, et al. Nature Genet. 4: 27-34 (1993)). Three 

general limitations are associated with the adenoviral 
vector technology. First, infection both in vivo and in 
vitro with the adenoviral vector at high multiplicity of 
infection (abbreviated m.o.i.) has resulted in 
15 cytotoxicity to the target cells, due to the accumulation 

of penton protein, which is itself toxic to mammalian 
cells [(Kay, Cell Biochem. 17E: 207 (1993)]. Second, 
host immune responses against adenoviral late gene 
products, including penton protein, cause the 
20 inflammatory response and destruction of the infected _ 

tissue which received the vectors [Yang, et al. Proc. 
Natl, Acad. Sci. USA 91: 4407-4411 (1994)]. Lastly, host 
immune responses and cytotoxic effects together prevent 
the long term expression of transgenes and cause 
25 decreased levels of gene expression following subsequent 

administration of adenoviral vectors [Mittal. et al. 
Virus Res. 28-: 67-90 (1993)]. 

in view of these obstacles, further alterations in 
the adenoviral vector design are required to cripple the 
3 0 ability of the virus to express late viral gene proteins, 

decreasing host cytotoxic responses and the expectation 
of decreasing host immune response. Engelhardt et al 
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recently constructed a temperature sensitive (ts) 
mutation within the E2A-encoded DNA-binding protein (DBP) 
region of the El-deleted recombinant adenoviral vector 
[Engelhardt, et al, Proc. Natl. Acad. Sci. USA 91: 6196- 
5 6200 (1994)] which fails to express late gene products at 

non-permissive temperatures in vitro. Diminished 
inflammatory responses and prolonged transgene expression 
were reported in animal livers infected by this vector 
(Engelhart, et al 1994) . However, the ts DBP mutation 

10 may not give rise to a full inactive gene product in 

vivo, and therefore be incapable of completely blocking 
late gene expression. Further technical advances are 
needed that would introduce a second lethal deletion into 
the adenoviral El-deleted vectors to completely block 

15 late gene expression in vivo. Novel packaging cell lines 

that can accommodate the production of second (and third) 
generation recombinant adenoviruses rendered replication- 
defective by the deletion of the El and E4 gene regions 
hold the greatest promise towards the development of safe 

20 and efficient vectors for human gene therapy. The 

present invention provides for such packaging cell lines 
and resultant mutant viruses and recombinant viral 
vectors (for example, adenoviral or AAV-derived) carrying 
the transgene of interest, 

25 

SUMMARY OF THE INVENTION 

Accordingly, the present invention generally aims to 
provide an improved adenoviral vector system to obviate 
30 the difficulties found in using the first generation 

adenoviral vectors currently available by providing 
second and third generation viral vectors deleted of at 
least two early region DNA sequences, and that are 

4 
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capable of delivering foreign, therapeutic or transgenes 
to somatic cells . 

In particular, the present invention provides for 
second and third generation recombinant adenoviral 
5 vectors (adenoviruses) harboring at least two lethal 

deletions, namely, the El and E4 early region genes. 
Optionally, this vector may also be deleted of the E3 
early gene region. More particularly, this recombinant 
viral vector carries a transgene, for example, the 3- 
10 galactosidase gene, introduced into either the El or E4 

regions. In a more particular embodiment, the recombinant 
adenoviruses may contain a therapeutic gene that replaces 
the El or E4 regions (or optionally the E3 region) , and 
the therapeutic gene is expressed and/or transcribed in a 
15 targeted host cell. 

Another object of the present invention is to 
provide a novel packaging cell line which complements 
functions of the El, E4 and optionally the E3 gene 
regions of a defective adenovirus deleted of the El, E4 
20 and optionally E3 regions, thereby allowing the 

production of the above described second generation 
recombinant adenoviral vectors deficient of the El, E4 
and optionally, the E3 DNA regions. The preferred 
packaging cell line derived from human embryonic kidney 
25 cells (293 cell line) contains the adenovirus El and E4 

gene regions integrated into its genome. In a particular 
embodiment, the packaging cell line is identified herein 
as 293-E4 and deposited on August 30, 1994, with the 
American Type Culture Collection (ATCC) , 12301 Parklawn 
30 Drive, Rockville, Maryland, under the Budapest Treaty, 

and has there been designated ATCC # CRL 11711. 

Another object of the present invention is to 
provide a novel packaging cell line which complements 
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functions of the El, E4 and optionally the E3 gene 
regions of a defective adenovirus deleted of the El, E4 
and optionally E3 regions, thereby allowing the 
production of the above described second generation 
recombinant adenoviral vectors deficient of the El, E4 
and optionally, the E3 DNA regions. The preferred 
packaging cell line derived from human embryonic kidney 
cells (293 cell line) contains the adenovirus El and 
minimum essential ORF6 region of Ad5 E4 gene integrated 
into the 293 cell genome. In a particular embodiment, the 
packaging cell line is identified herein as 293-ORF6 and 
deposited on October 25. 1995 with the American Type 
Culture Collection (ATCC) , 12301 Parklawn Drive, 
Rockville, Maryland, under the Budapest Treaty, and has 
15 there been designated ATCC # 

Another object of the present invention is to 
provide a novel packaging cell line which complements - 
functions of the El. E2A and optionally the E3 gene 
regions of a defective adenovirus deleted of the' El, E2A 
20 and optionally E3 regions, thereby allowing the 

production of the above described second generation 
recombinant adenoviral vectors deficient of the El, E2A 
and optionally, the E3 DNA regions. The preferred 
packaging cell line derived from human embryonic kidney 
25 cells (293 cell line) contains the adenovirus El and E2A 

gene regions integrated into the 293 cell genome. 

Another, object of the present invention is to 
provide a novel packaging cell line which complements 
functions of the El, E2A. E4 and optionally the E3 gene 
regions of a defective adenovirus deleted of the El, E2A, 
E4 and optionally E3 regions, thereby allowing the 
production of the above described second and third 
generation recombinant adenoviral vectors deficient of 
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the El, E2A, E4 and optionally, the E3 DNA regions. The 
preferred packaging cell line derived from human 
embryonic kidney cells (293 cell line) contains the 
adenovirus El, E2A and E4 gene regions integrated into 
5 the 293 cell genome. 

Another object of the present invention is to 
provide a plasmid used to introduce the E4 region into 
the 293 cells. The bacterial plasmid comprises the 
adenovirus E4 region devoid of the E4 promoter and 

10 substituted with a cellular inducible hormone gene 

promoter that is regulated by a CRE binding protein such 
as a-inhibin, f}-inhibin, a-gonadotrophin, cytochrome c, 
cytochome c oxidase complex (subunit IV) and glucagon. 
The E4 gene region is operably linked to the CREB 

15 promoter in the plasmid provided above. In a particular 

embodiment, the plasmid comprises the adenovirus 
described above and a mouse alpha (a)-inhibin promoter 
which is identified as pIK6.1 MIP(a)-E4 and deposited at 
the ATCC on August 30, 1994, under the Budapest Treaty, . 

20 and has there been designated ATCC #75879. 

Yet another object of the present invention is to 
provide a plasmid that introduces the minimal essential 
E4 gene region, open reading frame 6 (ORF6) region, into 
the 293 cells. The bacterial plasmid comprises the 

25 adenovirus ORF6 fragment of the E4 gene region devoid of 

the E4 promoter and substituted with a cellular inducible 
hormone gene, promoter that is regulated by a CRE binding 
protein such as a-inhibin, p-inhibin, a-gonadotrophin, 
cytochrome c, cytochome c oxidase complex (subunit IV) or 

30 glucagon. The ORF6 gene fragment is operably linked to 

the CREB promoter in the plasmid provided above. In a 
particular embodiment, the plasmid comprises the 
adenovirus ORF6 fragment and a mouse a-inhibin promoter 
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which is identified as P IK6.1 MIP(a)-ORF6 and deposited 
at the ATCC on October 25, 1995 under the Budapest 

Treaty, and has there been designated ATCC # 

Yet another object of the present invention is to 
5 provide a plasmid that introduces the adenovirus 5 E2A 

gene that encodes the adenovirus DNA binding protein 
(DBP) into the 293 cells. The bacterial plasmid 
comprises the adenovirus E2A gene region devoid of the 
E2A promoter and substituted with a cellular inducible 
10 hormone gene promoter that is regulated by a CRE binding 

protein such as a-inhibin, (J-inhibin, a -gonadotropin, 
cytochrome c, cytochome c oxidase complex (subunit IV) or 
glucagon. The E2A gene fragment is operably linked to the 
CREB promoter in the plasmid provided above. In a 
15 particular embodiment, the plasmid comprises the 

adenovirus E2A gene and a mouse a-inhibin promoter which 
is identified as pIKS.l MIP(a)- E2A and deposited at the 
ATCC on October 25, 1995 under the Budapest Treaty, and 
has there been designated ATCC #.... 
20 Yet another object of the present invention is to 

provide a method of infecting a mammalian target cell 
with the above-identified second or third generation 
recombinant viral vectors that carry transgenes for in 
vivo and ex vivo gene therapy. 

25 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 depicts the construction of the pIK.6.1 MlP(ar)- 
E4 plasmid, as described in Example 1, infra. 

5 

Figure 2 depicts the construction of the ADV-3-gal 
plasmid, as described in Example 1, infra. 

Figure 3 (A) -(E) are illustrations and the Southern 

10 analysis of 293-E4 cell lines as described in Example 3, 

infra. (A) The restriction patterns of the introduced 
MIP(a)-E4 and the probes used in Southern blots are 
depicted in this illustration. The solid arrow 
represents the mouse a-inhibin promoter region. The open 

15 r box represents the full length of the E4 region. The 

mouse inhibin probe is the 283 bp PCR product described 
in Example 1. The E4 probe is the Sma I H fragment (m.u. 
92 to 98.4). Restriction enzyme sites are abbreviated as 
follows: H, Hind III; S, Sfi I; N, Nco I. (B) DNA was 

20 digested with Hind III and Sfi I and hybridized to the E4 

probe. (C) DNA was digested with Nco I and hybridized to 
the E4 probe. (D) The E4 probe was stripped from Hind 
Ill and Sfi I digestion blot and the DNA was reprobed 
with the inhibin promoter probe. (E) The inhibin probe 

25 was washed off from the Hind III and Sfi I digestion blot 

and DNA was reprobed with the El probe which is a Hind 
III E fragment from m.u. 7.7 to m.u. 17.1, 

Figure 4 A-J are photographs showing the cytopathic 
30 effect of H5dll014 on W162, 293 and 293-E4 cell lines in 

the presence or absence of cAMP, as described in Example 
10, infra. Parental 293 cells are represented in panels 
A-D; 293-E4 cells are represented in panels E-G and W162 
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cells are represented in panels H-J. The cells without 
infection are shown in panels A, E and H. The cells 
infected with H5dll014 without an addition of cAMP are 
shown in panels C, F and I and the cells infected with 
5 H5dll014 with an addition of ImM cAMP are shown in panels 

D,G and J. Panel B represents 293 cells with a mock 
infection and an addition of ImM of cAMP. 

Figure 5 depicts the construction and the structure of 
10 recombinant viruses AdSMEl (0-gal) AE4 and Ad5MEa.(P- 

gal)AE3, as described in Example 5, infra. 

Figure 6 illustrates the restriction enzyme analysis of 
recombinant viruses, as described in Example 5. infra. 

Figure 7 represents the Northern analysis of transcripts 
in Hela cells infected with recombinant adenovirus 
vectors. Total RNA was isolated at 4, 24 and 48 hr post- 
infection. Panel A is the transcripts identified by 

20 hybridizing to a »P-labeled the (S-gal DNA probe. Panel B 

is the transcripts hybridized with the Ad5 E4 probe. 
Panel C is the transcripts detected by hybridizing to the 
Ad5 L3 region DNA probe. Panel D is the transcripts 
probed with the radioactive labeled L5 region PCR 

25 product. 

Figure 8 represents the ethidium bromide stained agarose 
gel of the RT-PCR products as described in Example 15. 
infra . 



30 



Figure 9 represents a Southern blot analysis of the L3 
reverse transcription polymerase chain reaction (RT-PCR) 
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products. The RT products from the +RT reaction mixtures 
were run on the agarose gel, transf erred to nylon 
membrane and then probed with the end labeled oligomer 
hybridizing to the internal sequence of the L3 RT-PCR 
5 products. 

Figure 10 illustrates the construction of the ORF-6 E4 
plasmid as described in Example 18, infra. 

10 Figure 11 (A) is a diagramatic restriction pattern of 

pIK6.1MIP(a) -ORF6 plasmid. The plasmid pIK6 . 1MIP (a) -0RF6 
contains 910 bp PCR product of adenovirus 5 E4-ORF6 
coding sequence from nuleotide sequence 1876 to 2756 from 
right end of the viral genome which is under the control 

15 of the mouse a inhibin promoter. The open arrow 

represents the mouse a inhibin promoter region. The 
cross-hatching box represents the ORF6 coding region. The 
ORF6 probe is the PCR product. Restriction enzyme sites 
are abbreviated as follows: H, Hind III; X, XmnI . Figure 

20 11 (B) represents a Southern blot of 293-ORF6 cell lines 

probed with the ORF6 probe (lower photograph) . The same 
blot was rehybridized with the El probe (top photograph) 
which is a Hind III E fragment from m.u. 7.7 to m.u. 
17.1. 

25 

Figure 12 illustrates the construction of the 
pIK6.1MIP(a) 7 E2A plasmid. 

Figure 13 depicts the construction of the plasmid 
30 comprising DNA sequences that transcribe the virus - 

associated RNA gene region. 
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rTr rR TT.m D q n ^ TT>,p ™ ™ T** INVEMIIQH 

One strategy designed to circumvent the problems 
associated with current early region-deleted adenoviral 
5 vectors is to introduce a second essential gene region 

deletion into the adenoviral vector. Several adenovirus 
early gene region transformed cell lines which support 
the growth of El. E2A or E4 mutant virus growth, 
respectively, have been established [Grahan. et al. J. 
10 Gen Virol. 36: 59-72 (1977), Weinberg, et al. Proc. Natl. 

Acad. Sci. USA 80: 5383-5386 (1983) and Brough, et al. 
Virology 190: 624-634 (1992)]. However, no cell line 
offers the functions of two gene regions simultaneously 
and at permissive temperatures. Establishing such a cell 
15 line which possesses the capability to complement the El 

and a second essential gene region function in trans 
(eg.. E4), and the capacity to function as a packaging 
cell' line for the propagation of recombinant viral 
vectors containing such double (or possibly triple or 
20 quadruple) deletions, may eliminate the drawbacks of the 

first generation adenoviral vectors currently available. 

Studies of the adenovirus early region (ER) gene 
functions have shown that the deletion of the E4 region 
results in a failure to accumulate viral late 
25 transcripts; a reduction in viral late protein synthesis; 

a defective viral particle assembly and a failure to 
inhibit host- protein synthesis at the late infection 
stage [Sandler, et al. J • Virol. 6*: 624-630 (1989), 
Bridge & Ketner, Virology 174: 345-353 (1990), Ross fc 
30 Ziff, J. Virol. 66: 3110-3117 (1992), Bridge, et al. 

Virology 193: 794-801 (1993), and Bett. et al. J. Virol. 
67- 5911-5921 (1993)]. Dual removal of the El and E4 gene 
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regions from the recombinant adenovirus vectors may 
therefore dramatically minimize or eliminate the 
pathogenic effects of direct cytotoxicity to the targeted 
cells and inflammatory responses in the human body. The 
5 E4 deletion in a second generation recombinant adenoviral 

vector would provide the additional benefit of increasing 
the capacity of this vector system to accommodate human 
gene inserts as large as 10 kb. 

In one aspect of the present invention, the 

10 successful establishment of a novel packaging cell line 

which supports the growth of both the El and E4 deletions 
in El and E4 deficient adenoviruses has been 
demonstrated. Since one of the E4 gene products [2 94R 
protein of open reading frame (ORF) 6] in association 

15 with the Elb gene product (496R protein) has a function 

of inhibiting cellular mRNA transport resulting in the 
cessation of cellular protein synthesis (Bridge & Ketner, 
1990), the overexpression of the E4 gene region would be 
expected to ultimately result in cell death. A major 

20 obstacle to the introduction of the E4 gene region into 

293 cells has been overcome, i.e., the trans activation 
of the Ela gene product in the parental 293 cells which 
causes the overexpression of the E4 genes which would 
otherwise result in cell death. In the present invention, 

25 the E4 promoter is replaced with a cellular inducible 

hormone gene promoter, namely, a gene that is regulated 
by a nuclear, factor called CRE binding protein (CREB) . 
Particularly, the promoter that replaces the E4 promoter 
is chosen from the CREB regulated gene family such as a- 

30 inhibin, beta ((5) -inhibin, a-gonado tropin, cytochrome c, 

cytochrome c oxidase complex (subunit IV), glucagon, etc. 
listed in Table I on page 15695 in Kim, et al, J . Biol 
Chem., 268: 15689-15695 (1993). In a preferred 

13 
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embodiment, the CREB regulated gene promoter is a 
mammalian a-inhibin, most preferably, mouse a-inhibin. 
In this instance, a 165 base pair sequence of the mouse 
inhibin promoter region has been shown to drive the 
5 heterologous gene expression at a low basal level and 
increase the levels of heterologous gene expression in 
response to the induction of cAMP or adenylic cyclase 
activators [Su & Hsueg, Biochem. and Biophys. Res. 
Common. 186, 293-300 (1992)]. An 8 bp palindromic 
10 sequence called cAMP response element (CRE) is 

responsible for this inductory effect and has been 
identified within the inhibin promoter region. In fact, 
all adenovirus early gene promoters contain the CRE-like 
element which renders these early genes responsive to the 
15 induction of cAMP [Jones, et al. Genes Dev. 2: 267-281 

(1988)]. It is clear that Ela trans activation and the 
cAMP enhancement act on adenovirus early genes via 
independent mechanisms [Leza & Hearing, J. Virol. 63: 
3057-3064 (1989) and Lee, et al, Mol . Cell. Biol. 9: 
20 4390-4397 (1989)]. The replacement of the E4 promoter 

with the mouse a-inhibin promoter uncouples the Ela 
trans -activation from the cAMP induction on the E4 gene. 
In the present invention, a full length sequence of the 
E4 region is introduced into the 293 cells whereby the 
25 cAMP induction is still effective in inducing E4 gene 

expression in the transformed cells in a controlled 
manner. It should also be noted that this novel 293 -E4 
packaging cell line may also rescue (supports the growth 
of) adenoviruses containing the E3 deletion in addition 
30 to the El and E4 deletions because the deletion of the E3 

region will not affect the viability of the virus. 
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in accordance with the present invention, bacterial 
plasmids are prepared using standard cloning procedures 
and starting materials described in Finer, et al 1994 and 
Finer et al WO 94/29438. The parental plasmid pIK6 . 1 
MMSV-E4 (AE4pro) is derived from pIK6 . 1 • MMSVNhe (Finer et 
al WO 94/29438) and contains the full length sequence of 
the adenoviral E4 region except for the absence of the E4 
promoter which is substituted with the MMSV promoter. 
Using cloning techniques well known in the art, the MMSV 
promoter is replaced with one of the CREB regulated 
promoters described above. In a preferred embodiment, the 
promoter that is operably linked to the adenoviral E4 
promoterless gene region is mammalian alpha inhibin, most 
preferably, derived from the mouse. The resulting 
15 preferred plasmid is designated P IK6 . 1 MIP(a)-E4 and 

deposited at the ATCC. Rockville, MD under the terms of 
the Budapest Treaty as ATCC #75879. The plasmids 
containing the CREB regulated promoters operably linked 
to the adenoviral E4 gene fragment. ORF6 or adenoviral 
20 E2A gene was constructed using the above pIK6 . 1 MIP(a)-E4 

plasmid as the starting material. The promoterless E4 
region was replaced with a PCR product of the ORF6 
fragment of the E4 gene or E2A gene region to construct 
the PIK6.1 MIP(a)-ORF6 and pIK6 . 1 MIP(ct)-E2A plasmids 
25 that are operably linked to a-inhibin promoter. Plasmids 

were deposited at the ATCC, Rockville. MD having the 
characteristic features of the above described ORF6 and 
E2A plasmids operably linked to mouse (a) -inhibin having 
ATCC # and ATCC # , respectively. In accordance to 
the present invention, one may use any of the CREB 
regulated promoters in substitution of the inhibin 
promoter and achieve similar results when the plasmid is 
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transfected into the packaging cell lines described 
below. 

The novel 293-E4 packaging cell lines were stably 
transformed by the E4 region and displayed the same 
5 morphology and the growth rate as parental 293 cells. 

This indicates that the low level of E4 gene expression 
under the control of the mouse a-inhibin promoter does 
not cause extensive inhibition of host cell protein 
synthesis. The mutant adenovirus, H5dll014 [Bridge, et 

10 al, Virology 193: 794-801 (1993)], was used to examine 

the complementing activity of the above described 2 93 -E4 
packaging cell line because it carries lethal deletions 
in the E4 region and can only grow in W162 cells (Bridge, 
Sc Ketner, 1989) . The W162 cell line is a Vero (monkey 

15 kidney) cell line transformed by adenovirus E4 DNA and 

complements the growth of E4 deletion adenoviruses. The 
H5dll014 virus has been shown to produce markedly reduced 
levels of DNA and failed to synthesize late protein due 
to an intact ORF 4 [Bridge, et al , (1993)] in its mostly 

20 deleted E4 region. Cell lines were found that produced 

the H5dll014 virus at comparable titers to that produced 
in W162 cells (See Table IV, Groups 1 and 2 in Example 
11 , infra) . 

In another embodiment, the present invention relates 

2 5 to novel recombinant adenoviruses or mutant adenoviruses 

produced by the novel packaging cell lines of the present 
invention. As described herein, the term "recombinant 
adenovirus" or "recombinant adeno-associated virus" (also 
known as recombinant viral vectors in the art) refers to 

3 0 a virus wherein the genome contains deletions, insertions 

and/or substitutions of one or more nucleotides, and the 
virus further carries a transgene . The term "mutant 
virus" refers herein to a particular virus, for example 

16 
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adenovirus and AAV, wherein the genome contains 
deletions, insertions and/or substitutions of one or more 
nucleotides; however no transgene is carried in the 
mutant virus. In one particular aspect of this 
embodiment, the novel 293 -E4 packaging cell lines 
described above are used to generate a second generation 
of recombinant virus called Ad5 / AE1 ( (J -gal ) AE4 . Although 
the 293 -E4 packaging cell line contains the adenoviral 
serotype 5 El and E4 gene regions, other serotypes of 
mutant and recombinant adenoviruses, for example, 
serotype 2, 7 and 12, may be rescued due to the high 
degree of structural and functional homology among the 
adenoviral serotypes. Moreover, mutant and recombinant 
adenoviruses from serotypes other than serotype 5 may be 
15 rescued from the other novel adenoviral packaging cell 

lines of the present invention described infra. 

In vitro studies demonstrate that the infection of 
the novel recombinant adenovirus vectors of the present 
invention in non-permissive human cells show no 
20 cytopathic effects and the efficiency of the transgene T 

expression is at levels comparable to conventional El- 
deleted viruses. It is expected that the host immune . 
responses and inflammatory reactions at the sites 
infected with novel second generation recombinant 
25 adenoviruses of the present invention will be reduced 

compared to the first generation recombinant adenoviruses 
currently available. The establishment of the dual 
complementing packaging cell line of the present 
invention marks a significant event in the evolution of 
safer and more effective gene transfer adenoviral 
vectors. The method used in the construction of the 293- 
E4 cell lines of the present invention is of general 
utility in the production of other packaging cell lines 



30 



17 



WO 96/14061 PCT/US95/14793 



which contain additional adenoviral regions which 
complement further deletions of the adenoviral vectors of 
the present invention or in the construction of other 
viral vectors, 

5 Thus, in another embodiment, the present invention 

relates to novel adenoviral packaging cell lines that can 
rescue deletions in addition to El, E4 and optionally E3 
by the methods described above. In this example, an 
adenoviral vector packaging cell line which can rescue 

10 the E2A mutation or deletion, in addition to the El, E3 

and E4 deletions, was constructed starting with the novel 
packaging cell line described above, namely the 293 -E4 
packaging cell line. The E2A gene product is a 
regulatory protein, specifically, a DNA binding protein. 

15 This gene may be introduced into the 293 -E4 packaging 

cell line by placing the E2A gene under the control of an 
inducible promoter operably linked to the E2A gene in a 
similar manner as described above. The inducible 
promoter may be selected from the same family of CREB 

20 regulated genes described above used to replace the E2 

gene promoter. 

In yet another embodiment, the present invention 
relates to an adenoviral vector packaging cell line that 
may rescue the adenovirus recombinant virus containing 

25 the minimum essential cis-elements (inverted terminal 

repeats (ITRs) and packaging signal sequence) [Hering, et 
al, Virol-: 6J.: 2555-2558 (1987)] and protein IX sequence 
[Ghosh-Choudury, et al, EMBO J . 6: 1733-1739 (1987)] 
only. This cell line may be established by introducing 

30 the adenovirus DNA sequence from around nwu. 11.2 to 

approximately 99 into the novel 293-E4 cell line 
described above. A plasmid carrying the above adenovirus 



18 



WO 96/14061 



PCT/US95/14793 



10 



DNA sequence may be constructed and trans fee ted into the 
293 cells. This DNA sequence represents the sequence from 
after Elb gene to the 3' end of the viral structural gene 
[Sanbrook, et al. Cold Spring Harbor Symp. Quant. Biol. 
39: 615-632 (1974); Ziff & Evans, Cell 15: 1463-1476 
(1978)]. The introduced adenovirus sequence contains 
viral structural genes and almost the entire functional 
gene regions except Ela and Elb. Because the 
constitutive expression or overexpression of viral gene 
products are very toxic to the cells, the introduced 
adenoviral DNA may be manipulated to replace adenoviral 
native promoters with heterologous promoters. For 
example, the early gene regions which encode viral 
regulatory proteins may be placed under the control of „ 
15 the CREB regulated promoters, which have about 2 to 10 , 

fold induction efficiency. In the case of the gene 
region that encodes viral structural proteins, the native 
major late promoter may be replaced by a tightly 
controlled exogenous promoter such as the tetracycline- 
20 responsive promoter which has an induction level up to 

about 10 s fold in the presence of tetracycline [Manfred & 
Hermann, PNAS 89 : 5547-5551 (1992)]. 

in another embodiment, the present invention relates 
to novel adenoviral-associated (AAV) packaging cell lines 
2 5 prepared in the following manner. The novel 

complementing cell line contains the Ela, Elb, E2A, and 
E4 gene regions and the DNA sequence encoding virus- 
associated RNA. This cell line may be constructed by 
introducing the adenovirus DNA sequence encoding the 
virus-associated RNA (around 600 NTs from m.u. 28-30) 
[Mathews, Cell 6: 223-229 (1975) and Petterson fc 
Philipson. Cell 6: 1-4 (1975)] into the novel 293-E4 
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packaging cell line constructed above that rescues the El 
and E4 deletions, the E2A mutation of adenovirus and 
optionally E3 . The wild type AAV produced from this 
packaging cell line will be free of helper adenovirus, 
5 The recombinant adeno-associated virus or mutant AAV will 

only contain the minimal essential cis-elements and will 
be generated by co-trans fee ting a non-packaging 
complementing AAV plasmid which is defective for 
packaging but supplies the wild type AAV gene products 

10 [Samulski et al, J. Virol. 61: 3096-3101 (1987)). 

Moreover, the recombinant adeno-associated viral vectors 
or mutant AAV rescued from this cell line will be free of 
helper viruses, i.e., adenoviruses. 

In another embodiment, the present invention relates 

15 to yet another novel AAV packaging cell line constructed 

by starting with the AAV packaging cell line described 
above. This packaging cell line contains the Ela, Elb, 
E2A and E4 gene regions, the DNA encoding virus - 
associated RNA and additionally, the AAV virus 

20 replication (rep) gene regions. The rep gene region 

encodes at least four replication (Rep) proteins that are 
essential for AAV DNA replication and trans-regulation of 
AAV gene expression [(for review, see Bervis & 
Bolienzsky, Adv. Virus Res. 32: 243-306 (1987)]. It is 

25 constructed by introducing the AAV rep gene region into 

the AAV packaging line described above that already 
contains the. El, E2A, E4 gene regions and DNA sequences 
encoding the virus-associated RNA in the manner that 
replaces the P5 promoter [(Yang, et al, J. Virol. 68: 

30 4847-4856 (1994)] with an inducible promoter chosen from 

the CREB regulated gene family described previously. The 
novel AAV virus and its recombinant virus rescued from 
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the cell line will be free of helper viruses 
(adenoviruses) and is Rep- [Muzyczka, Curr. Top. 
Microbiol. Immunol. 158: 97-129 (1992)]. 

In another embodiment, the present invention relates 
5 to another novel AAV packaging cell line constructed by 

starting with the AAV packaging cell line described in 
the previous paragraph. This packaging cell line 
contains the Ela, Elb, E2A, E4 gene regions, the DNA 
encoding the virus-associated RNA, the^AAV virus 

10 replication (rep) gene region, and additionally the AAV 

cap gene region. The cap gene region encodes a family of 
capsid proteins, i.e., VP1 , VP 2 and VP3 [Janik, et aL J\ 
Virol. 52: 591-597 (1984)]. The synthesis of all three 
mRNAs are started from a single promoter called P40 

15 [Janik, et al, (1984)]. This gene region will be 

introduced into the AAV packaging cell line described 
above by replacing the P40 promoter with an inducible 
promoter selected from either the CREB regulated 
promoters or the tetracycline responsive promoter. The 

20 novel AAV virus and its recombinant virus rescued from 

the cell line will be free of helper viruses ^ 
(adenoviruses) and only contain the minimal essential 
cis-elements [Muzyczka, Curr. Top. Microbiol. Immunol. 
158: 97-129 (1992)]. 

25 In yet another embodiment, the present invention 

provides a particular second generation packaging cell 
line for the. propagation of both El and E4 deleted 
vectors and viruses. This line has been establisheed by 
the introduction of the minimum essential E4 gene region, 

30 open reading frame 6 (ORF6) region, driven by the mouse 

a-inhibin promoter and provides the same function as the 
cell line designated 293-E4 described above. It is 
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expected that the use of this packaging cell line for the 
production of El, E4 and double-deleted recombinant 
adenoviral vectors will eliminate the problem of any 
possible homologous recombination event in the E4 region. 
5 Thus, the expansion and passage of purified stocks of 

E1/E4 deleted recombinant adenovirus, for example, should 
be absolutely free of any contamination by replication- 
competent adenovirus (RCA) particles. The strategy of 
creating this safer duel packaging cell line was to 

10 introduce a 910 -bp DNA fragment which only comprises the 

ORF6 coding region (Ad5 nuleotides 1876-2756 from right 
end of the genome) into 293 cells instead of a full 
length of the E4 gene region. There are many existing E4 
deletion mutant viruses. Those displaying a severe 

15 defective phenotype are all with E4 deletions extending 

substantially beyond the region of the 0RF6 . For 
example, some of these deletions are as follows: NTs 57 5 
to 2845 as the boundary of the two deletions within the 
E4 region of the H5dll014; same endpoints of the deletion 

20 in the H5dl366; from 932/937 to 2942/2946 within tandem 

repititions sequences of the H2dl808; and from 981 to 
2845 in the H5dll004. Due to lack of overlapping 
sequences between the integrated ORF6 DNA fragment and a 
recombinant adenovirus vector which carries a large E4 

25 region deletion, the repairment of the E4 deletion 

through homologous recombination becomes essentially 



zero 



Previous reports have indicated that either the 0RF3 
or ORF6 gene fragment alone is sufficient to provide the 
30 E4 function necessary for normal adenovirus life cycle. 

It is believed that the ORF3 and 0RF6 gene segments have 
redundant functions involved in viral DNA replication, 
late viral mRNAs transport and accumulation and host cell 
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shut off. Although other ORFs of the E4 region have 
important regulatory roles in the multiplication of the 
virus, they are dispensible. To confirm that the provided 
293-ORF6 cell lines of the present invention not only 
contain intact El and ORF6 DNA sequences but also possess 
the complementing activities of El and E4 functions, an 
El-deleted mutant virus, an E4-deleted mutant virus as 
well as the El /E4 -deleted recombinant virus were used 
to infect the 293-ORF6 cell lines. The titers of these 
viruses measured on individual 293-ORF6 monolayers were 
shown to be compatible to the titers measured on each 
virus- permissive cell line. Therefore, the 293-E1/ORF6 
packaging cell line of the present invention not only 
meets the safety requirment for use in human subjects but 
15 also efficiently produces El or E4 deletion mutant 

viruses, and double deleted E1/E4 viruses and vectors. 
This cell line has been deposited at the ATCC in 
Rockville, MD on October 25, 1995 and designated ATCC 

20 # *" m another embodiment, the present invention 

provides for a 293-E2A packaging cell line that 
complements both the El and E2A gene functions xn trans 
simultaneously. The human adenovirus 72 Kd DNA-bindxng 
protein (DBP) is important in the infectious cycle of the 

25 virus. At non-permissive temperature, the ts mutations 

within the DBP coding region (E2A region) inhxbxt viral 
DNA replication [Friefeld. et al. Virology 124: 380-389 
(1983)] and fail to regulate early gene expression xn 
late stage of viral life cycle [Carter, et al, J- Virol. 

30 25- 664-674 (1978)]. Although the generation of El- 

deleted. E2A-mutated (ts mutation) adenovirus vector does 
not require a special packaging cell line, the ts DBP 
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mutation may not give rise to a full inactive gene 
product in the temperature permissive i n vivo condition 
[Engelhardt, et al, Proc. Natl. Acad. Scl. USA, 91: 6196- 
6200 (1994)]. A deletion within the indispensible 
5 region of the E2A gene {the gene region encoding the 

carboxyl- terminal protion of the DBP) is lethal to the 
adenovirus [Vos, et al, Virology 172 : 634-642 (1989)] 
both in vitro and in vivo . To generate a recombinant 
vector containing both El and E2A gene region deletions, 

10 establishment of a complementation cell line becomes 

absolutely necessary. The present invention provides an 
adenoviral packaging system where recombinant adenoviral 
vectors and mutant adenoviruses are created. It is 
expected that the combination of the El deletion and E2A 

15 deletion of a recombinant adenovirus vector will result 

in complete replication-incompetence and safer to use in 
humans . 

In yet another embodiment, the present invention 
further provides for a triple packaging cell line that is 

20 able to complement the functions of the adenoviral El, 

E2A and E4 gene regions in trans simultaneously/ The 
recombinant adenovirus vector generated from this 
packaging cell line harbors three early gene region 
deletions which renders the packaged adenoviral vector 

25 absolutely safe for all human applications with the added 

benefit of extensive capacity for larger size transgene 
insertions . 

The present invention further provides the 
production of novel mutant viruses (particularly, 
30 adenoviruses and AAV) , and novel recombinant adenoviruses 

and AAV (also referred to herein as recombinant 

24 



WO 96/14061 



PCT/US95/14793 



adenoviral -derived and AAV-derived vectors) containing a 
transgene which will be expressed in the target cells. 
The recombinant adenoviral -derived and AAV-viral vectors 
are prepared using the packaging cell lines described 
5 above which comprise one or more distinct nucleotide 

sequences capable of complementing the part of the 
adenovirus or AAV genome that is essential for the virus ' 
replication and which is not present in the novel 
recombinant adenoviral -derived and AAV-derived vectors. 
10 Recombinant adenoviral -derived and AAV-derived vectors 

will no longer contain genes required for the virus 
replication in infected target cells. More particularly, 
the recombinant adenoviral vectors will only contain the 
minimum essential cis-elements (i.e., ITRs and packaging 
15 signal sequence) and protein IX sequence, and be free of. 

the El (specifically, Ela and Elb) and E4 regions, and 
may additionally be free of E3 and E2A regions and the 
viral structural genes . In the case of the recombinant 
AAV vectors, these vectors will contain deletions of the 
20 AAV virus Rep protein coding region or will only contain 

the minimal essential cis-elements. The latter will be 
generated from the AAV packaging cell line which contains 
the Ela, Elb, E2A and E4 gene regions, and the DNA 
encoding virus-associated RNA by co- transf ecting a non- 
25 packaging complementing AAV plasmid which is defective 
for packaging but supplies the wild type AAV gene 
products [Safnulski, et al, (1987)]. 

The recombinant adenovirus-derived or AAV-derived 
vector is also characterized in that it is capable of 
30 directing the expression and the production of the 

selected transgene product (s) in the targeted cells. 
Thus, the recombinant vectors comprise at least all of 
the sequences of the adenoviral or AAV DNA sequence 
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essential for encapsidation and the physical structures 
for infection of the targeted cells and a selected 
transgene which will be expressed in the targeted cells. 
The transgene may be a therapeutic gene that will 
5 ameliorate hereditary or acquired diseases when expressed 

in a targeted cell by using gene transfer technology 
methods well known in the art. In one particular aspect, 
the therapeutic gene is the normal DNA sequence 
corresponding to the defective gene provided in Table I 
10 below, for example, the normal DNA sequence corresponding 

to LDL receptors and a 1-antitrypsin . In another aspect, 
the transgene may encode a cytokine gene, suicide gene, 
tumor suppressor gene or protective gene, or a 
combination thereof chosen from the list provided in 
15 Table II. If a cytokine gene is selected, the expression 

of the gene in a targeted cell may provide a treatment to 
malignancies by stimulating cellular immune responses 
which result in suppression of tumor growth and/or 
killing of tumor cells. If a suicide gene is chosen, the 
20 gene when expressed in the tumor cell will enable the 

tumor cell to be destroyed in the presence of specific 
drugs. For example, the thymidine kinase gene when 
expressed in tumor cells will enable the tumor to be 
destroyed in the presence of gancyclovir. 
25 m yet another embodiment, the transgene may encode 

a viral immunogenic protein that is utilized as a vaccine 
for preventipn of infectious diseases (See Table III) . 
Procedures for preparing and administering such vaccines 
are known in the art (see e.g.. Estin, et al. Proc. Nat. 
30 Acad. Sci. 85:1052 (1988)). 

The present invention further relates to therapeutic 
methods for the treatment of hereditary and acquired 
diseases, cancer gene therapies, and vaccines for 
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prevention of infectious diseases. The transgene may be 
expressed under the control of a tissue specific 
promoter. For example, a suicide gene under the control 
of the tyrosinase promoter or tyrosinase related protein- 
5 1 promoter will only be expressed in melanocytes in the 
case of cancer therapy for melanoma [Vile & Hart, Cancer 
Res. 53: 962-967 (1993) and Lowings, et al, Mol . Cell. 
Biol. 12: 3653-3663 (1992)]. Various methods that 
introduce an adenoviral or AAV vector carrying a 

10 transgene into target cells ex vivo and in vivo have been 

previously described and are well known in the art. [See 
for example, Brody & Crystal, Annals of N.Y. Acad. Sci . 
716s 90-103, 1993]. The present invention provides for , 
therapeutic methods, vaccines, and cancer therapies by . 

15 infecting targeted cells with the recombinant adenoviral^ 

or AAV vectors containing a transgene of interest, and 
expressing the selected transgene in the targeted cell. 

For example, in vivo delivery of recombinant 
adenoviral or AAV vectors containing a transgene of the 

20 present invention may be targeted to a wide variety of 

organ types including brain, liver, blood vessels, 
muscle, heart, lung and skin. The delivery route for 
introducing the recombinant vectors of the present 
invention include intravenous, intramuscular, 

25 intravascular and intradermal injection to name a few 

routes. (See also Table I in the Brody & Crystal article 
and the references cited.) 

In the case of ex vivo gene transfer, the 
target cells are removed from the host and genetically 

30 modified in the. laboratory using AAV- vectors of the 

present invention and methods well known in the art 
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[Walsh, et al, PNAS 89: 7257-7261, (1992) and Walsh et 
al, Proc. Soc. Exp. Bio. Med. 204: 289-300 (1993) J . 

Thus, the recombinant adenoviral or AAV vectors 
of the invention can be administered using conventional 
5 modes of administration including, but not limited to, 

the modes described above. The recombinant adenoviral or 
AAV vectors of the invention may be in a variety of 
dosages which include, but are not limited to, liquid 
solutions and suspensions, microvesicles , liposomes and 
10 injectable or infusible solutions. The preferred form 

depends upon the mode of administration and the 
therapeutic application. 
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TABLE I 

Gene Therapy for Hereditary Disease 



10 



15 



20 



25 



DISEASES 



Familial hypercholesterolemia 
(type II hvperiipidemias) 



Familial lipoprotein lipase 
deficiency (type I 
hvperiipidemias) 



Urea evele deficiency 



Von Gierke's disease (glycogen 
storage disease, type D 



Alpha 1 'antitrypsin 
Cystic fibrosis 



deficiency 



Von Willebrand's disease and 
Hemophilia A 



Hereditary sperocvtosis 
Severe combined immune 
deficiency 
Duchennc muscular dvstrophy 



Lesch-Nyhan syndrome 



Defective Genes 



LDL receptor 



Lipoprotein lipase 



Phenylalanine hydroxylase 



Ornithine transcarbamvlase 



G6Pase 



Alpha 1 -antitrypsin 



Cystic fibrosis transmembrane 
conductant regulator 



Factor VIE 



Factor IX 



Beta globin 



Beta globin 



Alpha globin 



Spectrin 

Adenosine deaminase 



Dystrophin minigene 



Hypoxan thine guanine 
phosphoribosyl 
transferase (HGPR1 



Gene Products 



LDL receptor 



Lipoprotein lipase 



Phenylalanine hydroxylase 



Ornithine transcarbamvlase 



Glucose-6-phosphotase 



Alpha 1 -antitrypsin 



Membrane chlorine channel 



Cloning factor VITJ 



Clottine factor DC 



Beta elobin 



Beta fflobin 



Alpha 



slobin 



Spectrin 



Adenosine deaminase 



Dystrophin 



HGPRT 
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Beta~Rlucocerebro*idase 






Sphingomyelinase 






Lysosomal hexosaminidase 


Maple fynxp urine disease 


Brancfaed-cbein kfito acid 
dehydroienasc 


Bxmnched-chain keto acid 
dehydrogenase 



5 



10 




TABLE XX 
Cancer Gene Therapy L 






Cytokine Genes 


Suicide Genes 


Tumor 
Suppressor 
Genes 


protective 
Genes 


15 


EFN-gmmma, IL-2, IL-4. 
and granulocyte - 
macrophage colony 
stimulation factor 


thymidine kinase 
cytosine deaminase, 
diphtheria win, and 
TKF 


P 53. Rb. and WM 


multiple drug 
resistant 
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TABLE XXI 
Vaccine for Infectious Disease 



Diseases 


Vaccine 


Hepatitis 


HBV surface antigen 


HTV infection and AIDS 


HIV envelope proteins 


Rabies 


Rabies glycoproteins 



10 The following examples are presented to 

illustrate the present invention and are not intended in 
any way to otherwise limit the scope of this invention. 

EXAMPLES 

15 

Example 1 

Construction of plasmids 
This example describes the construction of the 
plasmids used to introduce the E4 gene region into the 

20 293 cells. The constructed plasmids are diagrammatically ;i , 

represented in Fig. 1. The parental plasmid pIK6.1 MMSV- 
E4 (AE4 pro.) derived from the pIK6 . 1 MMSV enpoNhe(Hpa) 
[Finer, et al. Blood 83: 43-50, (1994)] contains the 
promoterless E4 region from 15 bp upstream of the 

25 transcription start site to 810 bp downstream of the E4 

polyadenylation site. The E4 gene is linked to the 
Moloney murine sarcoma virus U3 fragment. The pIK6 . 1 . 
MIP(a)-E4 was constructed by ligation of a 238 bp 
fragment of the Hind III -Xbal PCR product of mouse alpha 

30 inhibin promoter [MIP(a)] (Su, & Hsueh, Biochem. and 

Biophys. Res. Common. 186: 293-300, 1992) with the 2.9 kb 
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Xbal-StuI fragment and the 3.9 kb Stu I-Hind III fragment 
of the PIK6.1 MMSV-E4 (E4 pro,). The primers used for 
PCR of the MIP (a) were 5'- 

gcgcaagcttcGGGAGTGGGAGATAAGGCTC--3 ' (SEQ ID NO:l) and 5'- 
5 ggcctctagaAGTTCACTTGCCCTGATGACA-3 ' (SEQ ID NO: 2). The 

sequences containing either the Hind III site or Xba I 
site in lower case are present to facilitate cloning. The 
cloned a-inhibin promoter was sequenced to verify the 
accuracy of the sequence. 

10 The plasmid ADV-p-gal used to generate 

recombinant adenoviruses was constructed as shown in Fig. 
2. The starting plasmid ADV-1 contains the left end of 
adenovirus 5 Xho I C fragment (m.u. 0-15.8) with a 
deletion from nucleotides 469-3326 (m.u. 1.3-9.24) on the 

15 backbone of PCR II (In Vitrogen, San Diego, CA) . A 

polylinker cassette was inserted into the deletion site. 
Several restriction sites at the left end of the 
adenovirus sequence can be conveniently used to linearize 
the plasmid. The resulting ADV-(J-gal plasmid was 

20 constructed by insertion of a Bst Bl-Xba I fragment of 

the E. coli (J-galactosidase gene driven by the mouse pgk 
promoter into the ADV-1 compatible sites Spe I and Cla I 
in the El region and was later -used to generate the 
recombinant virus . 

25 

Example 2 

Trangf ^ inn and ^l^fion of 293-E4 Cftll lines 
This example describes the transfection and 
selection process employed to establish 293 -E4 cell 
30 lines. The 293 cells, obtained from the American Type 

Culture Collection, ATCC #CRL 1573, were grown in 
Dulbecco's modified Eagle's medium (DMEM) , Ig/L glucose 
(JRH Biosciences), 10% donor calf serum (Tissue Culture 
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Biologies) . Cells were seeded at 5x10 s per 10-cm plate 48 
hours prior to the transfection experiment. Ten ug of 
pIK.MIP<a)-E4 and 1 ug of pGEM-pgkNeq.pgkpolyA 
containing the Neo r gene were co-transf ected into 293 
5 cells by calcium phosphate co-precipitation [Wigler, et 

al. Cell 57: Ill-IBS (1979)]. The transfected cells were 
split 1:20 in normal medium at 24 hours post- 
transfection. After the cells were attached to the 
plate, the. medium was changed to selective medium 

10 containing 1 mg/ml G418 (Sigma, St Louis, MO). The cells 

were refed with fresh selective. medium every 3 days for 
about 2-3 weeks. Isolated clones were picked, expanded 
and maintained in the selective medium for 5-6 passages. 
The established 293-E4 cell lines were routinely 

15 maintained in the normal medium. 

Fiynmple 3 

c ; p „t-hP7-n frangfprc and hvhri rli Tifltipn 
Genomic DNA from 293 -E4 cell lines were 

20 digested with desired restriction enzymes and purified 

with phenol/chloroform. 10 ug of digested DNA were run 
on 0.8%-l% agarose gel and transferred to a nylon 
membrane (Zetabind. America Bioanalytical . Natick. MA). 
DNA from the 293-E4 cell lines were digested with 

25 restriction enzymes and analyzed. DNA from wild type 

adenovirus 5, pIK6 . 1 MIP(a)-E4 plasmid and parental 293 
cells were also digested with the same enzymes and used 
as controls. Restriction fragments of the E4 region, a- 
inhibin promoter sequence, and the El region were 

30 detected by hybridization to the appropriate »P-labeled 

probes and subsequent autoradiography. 
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Example 4 
Preparation of viral stocks 
W162 cells were grown in DMEM, 4.5g/L glucose 
5 and 10% CS. The W162 cell line is a Vero monkey kidney 

cell line transformed by adenovirus E4 DNA and supports 
the growth of E4 deleted adenovirus mutants [Weinberg, & 
Ketner, Proc. Natl. Acad. Sci . USA 80: 5383-5386 (1983)]. 
The H5dll014 virus has been previously described in 

10 Bridge & Ketner, J. Virol. 63: 631-638, (1989). This 

adenovirus 5 virus strain has two deletions within the E4 
region and can only grow in W162 cells (Bridge, & Ketner 
1989) . Propagation and titration of H5dll014 virus were 
done on W162 cells. For evaluation of the production of 

15 H5dll014 virus from 293 -E4 cell lines of the present 

invention, the W162, 293 and 293-E4 cell lines were 
counted and plated in the 6-well plate at 1 x 10 5 /well and 
infected with H5dll014 at a multiplicity of infection 
(m.o.i.) of 50 plaque- forming units (p.f.u.) per cell. 

20 The viral stocks were prepared by harvesting the cells 

at 48 hr post-infection. The cells were precipitated and 
resuspended in 200 ul of serum free medium. The cell 
suspensions underwent 3 cycles of freeze and were thawed 
to release the viral particles from the cells. The cell 

25 debris was discarded by centrif ugation . The titers of 

the virus produced from the infected cells were 
determined by plaque formation on monolayers of W162 
cells. 
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mnstin' rHnn "f ^ <af ' r,Tnhjn;:|nt " viruses 

5 The 293 cell line and 293 -E4 cell line were 

plated in 10-cm plate at 2.5 x 10 6 /plate 48 hours before 
the experiment. One hour prior to the co-transf ection, 
cells were fed with 10 ml fresh medium. Ad5/AE1 (f$-gal) AE3 
virus was made by co-transf ection of 10 ug of ADV-p-gal 
10 linearized by Bst BI with 4 ug of H5dl327 < Thimmappaya , 

et al, Cell 31: 543-551 1982) digested with Cla I. 
Ad5/&E1 (p-gal) AE4 virus was generated by co-transf ection 
of 10 ug of Bst BI linearized ADV-3-gal and 4 ug of Cla I. 
digested H5dll014 on 293 -E4 cell lines by calcium 
15 phosphate precipitation technique. Twenty-four hours 

after co-transf ection, the medium was removed and the 
monolayers of the culture were overlaid with 10 ml DMEM 
medium containing 20 mM MgCl a . 5% of CS and 0.5% of noble 
agar (DIFCO Lab. Detroit, MI) . The plaques were picked 
20 and resuspended in 100 U l of PBS. Diluted plaque samples 

were immediately subjected to 2 to 3 rounds of blue 
plaque purification. The blue plaque purification was 
carried out as a regular plaque assay except that the 
cultures were overlaid with a second layer of soft agar 
25 containing 1 mg/ml X-gal when plaques appeared. After 

incubation for 2 hours, plaques which contained the 
recombinant yirus carrying the (J-galactosidase gene were 
stained blue. The purity of the recombinant virus was 
determined by no contamination of white plaques. The 
30 purified plaques were expanded and the DNA of the lysate 

was analyzed (Fig. 6) as previously described [Graham & 
Prevec (1992)]. Adenoviral DNA was digested with Sma I 
and fractionated on 0.8% agarose gel. DNA samples of 
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H5dI1014 and the Ad5/AE1 (3 -gal) AE3 viruses were extracted 
from CsCl gradient purified viral stocks. DNA of the 
Ad5/AE1 (3-gal) AE4 was extracted from the virus infected 
cells. 

5 

Example 6 

Histochemical staining 
Forty-eight hours following recombinant viral 
infection with Ad5/AE1 ( 3-gal ) AE3 virus (El and E3 

10 deletion viruses) and Ad5/AE1 (3-gal) AE4 virus (El and E4 

deletion viruses) at 20 m.o.i. the monolayers of cells 
are washed once in PBS and fixed for 10 min. at room 
temperature with 0.5% glutaraldehyde (Sigma, St. Louis, 
MO) in PBS. The cells were washed three times with PBS 

15 containing 1 mM MgCl 2 and then stained with 5-bromo-4- 

chloro-3-indolyl-3, D-galactosidase (X-gal, Sigma) as 
previously described (Thimmappaya et al, 1982) . The X- 
gal solution at 40 mg/ml in dime thy lformamide was diluted 
to 1 mg/ml in KC solution (PBS containing 5 mM K 3 Fe (CN) 6 , 

20 5 mM K 4 Fe (CN) 6 *3H 2 0). After staining, for 2-4 hours 

the cells were washed with H 2 0 and inspected under a light 
microscope. 



25 Example 7 

3-galactosidase activity assay 
CeJ.ls were infected with either Ad5/AE1(3~ 
gal)AE3 virus and Ad5 /AEl ( (3-gal ) AE4 virus at 20 m.o.i, 
assayed for enzyme activity as described in MacGregor, et 
30 al, Somatic Cell Mol . Genetic. 13: 253-264, (1987) with 

the following modifications. Cells in 6-well plate were 
washed with PBS twice and lysed in the well by addition 
of 200 ul of 2x Z buffer (lx Z buffer: 60 mM Na 2 PO4*7H 2 0, 
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40 mM NaH 2 P0 4 .H 2 0. 10 mM KCl, 1 mM MgSO,.7H ? 0) and 200 ul 
of 0.2% Triton X-100. After incubation at room 
temperature for 5-10 min, 100 ul of each sample was 
transferred to the 96-well microtiter plate. After 
5 addition of 50 ul of 2-nitrophenyl-p-D-galactopyranoside 

(2mg/ml), the reaction was allowed to proceed for 5 min 
at room temperature and stopped by adding 50 ul of stop 
solution (1 M Na 2 C0 3 ) . Fluorescence was measured at 420 
nm on a microtiter plate reader (Molecular Devices Co. 
10 Menlo Park, CA) . 

Fxample 8 
rfinsrruc ri"" r>f ?Q^-R4 cell lines 
The purpose of introducing the Ad5 E4 gene 

15 region into 293 cells is that the derived cell line is 

able to package the recombinant adenoviruses containing 
two lethal deletions (El and E4) . The plasmid, 
Plk.MIP(a) -E4 carries the full length region of the Ad5 
E4 region from 15 bp upstream of transcription start site 

20 to 810 bp downstream of the polyadenylation site (Fig. 

1). The E4 gene region (m.u. 88.9 - 98.8) was directly 
linked to 23 8 bps of the mouse a-inhibin promoter 
containing the first 159 bps of the promoter region and 
5- untranslated region. This promoter sequence is 

25 required for basal expression (Su & Hseuh (1992)). 

Within this promoter region, there is a cyclic adenosine 
3', 5 1 -monophosphate (cAMP) response element (CRE) which 
allows an increased level of gene expression induced by 
either cAMP or adenylic cyclase activator [Paei, et al, 

30 Mol. Endocrinol. 5: 521-534 (1991)]. The pIK.MIP (a) -E4 

was introduced into 293 cells together with the pGEM- 
pgkNeo.pghpolyA which bears a neomycin resistant gene by 
calcium phosphate precipitation at a molar ratio 
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equivalent to 10:1. A total of 66 G418 resistant clones 
were picked for further analysis. 

Example 9 

5 Identification of E4 transfectants 

To examine the integration of the introduced 
adenovirus E4 region, genomic DNA from each clone was 
digested with either Hind III and Sfi I, or Nco I 
restriction enzymes and analyzed by Southern transfer. 

10 Fig. 3A shows a restriction map of the introduced a- 

inhibin-E4 region and corresponding regions of the E4 
probe (Sma I H fragment of Ad5) and the inhibin promoter 
probe. 17 clones out of a total of 66 presented the 
correct DNA patterns as predicted for a full length E4 

15 region DNA integration in the screen blots of both 

digestions. Other clones showed either no integration or 
integration with variable sizes of E4 region. Fig. 3B-3E 
represent the Southern blots of genomic DNA extracted 
from the 17 clones with full length integration and two 

20 clones which contains variable sizes of E4 region 

integration on the initial screening blots. The DNA was 
extracted after maintaining these 19 cell lines in the 
non-selective medium for more than 30 passages. As shown 
in Fig. 3B and 3C, 15 cell lines represent the 

25 characteristic 0.9 kb and 3.2 kb fragments in Hindlll/Sfi 

I digestion and 1.6 kb and 2 . 1 kb fragments in Nco I 
digestion. .There were no detectable E4 region sequences 
in two cell lines (lines 13 and 29) which had the same 
integration patterns as the other 15 lines in the 

30 screening blots, indicating an unstable integration event 

in these two lines. Lines 16 and 19 are examples of 
cell lines which retained the E4 gene region with 
variable restriction patterns. The 0,9 kb band of all 15 
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10 



15 



20 



lines hybridized to the mouse inhibin promoter sequence 
in the Hind III/Sfi digestion (Fig. 3D). The 3.1 kb 
fragment along with the 2.1 kb fragment was hybridized to 
the inhibin promoter probe in the Nco I digestion blot. 
These results indicate that a full length gene region of 
E4 was stably integrated into these 15 cell lines. To 
rule out the possibility that these cell lines can 
survive and maintain a full length of the E4 region due 
to a loss of the El gene region, the blots were reprobed 
with the Ad5 Hind III E fragment (m.u. 7.7-17.1). All 19 
lines have a same sized fragment detected by the El probe 
as that in the parental 293 cell line (Fig. 3e) . 
Therefore, the El gene was not altered in the 2 93-E4 cell 
lines . 



Example 1Q 

e^-roon of >>-i nl ooi e n 1 *ft"ivitv of 293-F4 rHI UneS 

To determine whether these cell lines were 
capable of supporting the E4 deletion virus growth, each 
of the cell lines was infected with an adenovirus E4 
deletion mutant virus H5dll014 [Bridge & Ketner, (1989)]. 
The E4 defective strain H5dll014 contains two deletions 
from m.u. 92 to 93.8 and m.u. 96.4 to 98.4. The 
deletions destroy all the open reading frames of the E4 , 
25 region except ORF 4. This virus produces substantially 

less viral DNA and late viral proteins in Hela cells 
similar to that seen in cells infected with H2dl808 and 
H5dl366 [Halbert, et al . J. Virol. 56: 250-256 (1985)]. 
The only permissive cell line for the growth of H5dll014 
30 is W162 [Weinberg & Ketner, (1983)]. When the parental 

293 cells, W162 cells and all 15 lines were infected with 
H5dll014 at m.o.i. 25 with or without addition of the ImM 
cAMP, 6 cell lines showed comparable cytopathic effect 
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(CPE) as observed on W162 cells at 3-4 days of post- 
infection (Fig. 4) . The CPE appeared much faster in the 
presence of cAMP both in W162 cells and in some of the 
293-E4 cell lines. The parental 293 cells showed CPE at 
much milder level (Fig. 4) . This result shows that 293- 
E4 cell lines (containing both El and E4 gene regions) 
support the growth of E4 deleted viruses (eg., H5dll014 
virus) as efficiently as cell lines containing the E4 
gene region only (eg., W162 cell line). 



Example 11 

Induction of H5dll014 production on 293 -E4 cell lines 

To quantitatively examine the ability of 293 -E4 
cell lines to produce H5dll014 mutant virus and to 

15 determine whether there is a specific induction of E4 

gene expression in the 293-E4 cell lines, the titer of 
the H5dll014 produced from the 293-E4 cell lines was 
measured in the presence or absence of cAMP. Viral 
stocks were prepared from each cell line by infecting the 

20 same number of cells with H51014 at m.o.i. 50. At 48 hr 

post-infection, the supernatant of each cell line was 
removed and the cells were resuspended in 1/10 of the 
original volume of serum free medium. Titration of the 
viral stocks were performed on W162 cells by plaque 

25 assay. As presented in Table 1, the phenomenon of virus 

production from these 15 lines can be generally 
classified into three groups. Group 1 which includes 
lines 8, 50 and 51 showed increased viral titers by 4 to 
6 orders of magnitude compared to the titer produced from 

30 293 cells. Line 8 and 51 had a 10 fold increase of the 

viral titers in the presence of cAMP. Group 2, which 
includes lines 12, 27 and 61, produced similar titers of 
virus as that produced from W162 cells. The titers 

40 



WO 96/14061 



PCTAJS95/14793 



increased 1, 000-10, 000 fold with the exception of line 12 
in which the level of virus production increased by 7 
orders of magnitude in the presence of cAMP* These 
results indicate an induced E4 gene expression in these 
5 three cell lines. Group 3 includes the remaining cell 

lines which produced the virus titers essentially at 
levels similar to that produced from parental 293 cells 
in the presence or absence of cAMP. The induced E4 gene 
expression is also indicated in several cell lines in 

10 this group. 

The 10 fold induction was also observed in the 
W162 cells and parental 293 cells when the cells were 
treated with cAMP. It is possible that this 10 fold 
increase in the virus yield is due to the enhancement 

15 effect of cAMP on other adenovirus early gene expression 

[Leza & Hearing, J. Virol. 63: 3057-3064 (1989)] which 
also contains CRE elements causing an increase in viral 
DNA synthesis. 



41 



WO 96/14061 



PCT/US95/14793 



TABLE IV 



Titers of H5dll014 produced from 



5 



cell 


lines W162, 


293, and 293- 


■E4 






Ttter [pru/ml] r 


GROUP 


Cell Line 








NocAMP 


ImMcAMP 


control 


W162 


2 2x10" 


1.2x10" 




293 


1.6x10* 


2.7x1 0 5 




i7J"Er-o 


0.7A1U 


J.Ja IV/ 




293-E4-50 


0. /X IU 


A Sy 10'° 


1 


293-E4-51 


q q y i m 






293-E4-12 


4 5x10 s 


8.9x10" 


2 


293-E4-27 


ejxio' 


2.2x10" 




293-E4-61 


1.3x10,, 


8.0x10" 




293-E4-6 


l.lxlO 4 


8.9X10 4 




293-E4-15 


1.3x10, 


6.7x10* 




293-E4-33 


6.7x10. 


1.6x10* 




293-E4-34 


6.7x10* 


1.3xl0 7 




293-E4-35 


1.3xl0> 


1.1x10* 


3 


293-E4-48 


6.7x10* 


6.7x10* 


293-E4-52 


1.8x10* 


1.3X10 1 




293-E4-59 


3.3x10 s 


6.7x10* 




293-E4-62 


1.6X10 5 


6.7x10* 



15 

^e titer was determined by plaque assay on W 162 monolayer culture. 
Values in the table are the averages of titers measured on duplicate samples. 
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Sample 12 
feneration nf Ad5/AE1 (fi-aal)AK4 virus 
To rescue recombinant virus which harbors 
5 lethal deletions in both the El region and the E4 region 

the two most efficient cell lines, line 8 and line 61, 
were utilized. The ADV-3-gal plasmid was linearized by 
BstBl and co-transfected with Cla I digested H5dll014 
into the monolayers of 293-E4 cell lines (Fig. 5). The 

10 recombinant virus was generated by in vivo recombination 

between the overlapping adenoviral sequence of ADV-3-gal 
and the H5dll014 large Cla I fragment (m.u. 2.55-100). 
Plaques appearing at 7-10 days post-transf ection were 
isolated and purified by blue plaque assay. The final 

15 purified blue plaque and the viral DNA were analyzed 

(Fig. 6) . For the following comparative studies of the 
double deletion recombinant virus, the Ad5/AE1 { p-gal ) AE3 
virus was generated. This virus was generated by co- 
transfection of Bst BI linearized ADV-p-gal plasmid with 

20 Cla I digested H5dl327 [Thimmappaya , et al , (1982)] into 

293 cells (Fig. 5) . 

Fyample 13 

Tn vifrn evaluation of i~V.«=> / AK1 f R -oa 1 ) AE4 virus 

25 To evaluate the infectivity of this second 

generation of recombinant virus, infectivity was compared 
with the 3-gal gene expression of the double lethal 
deletion virus and single lethal deletion virus in Hela, 
293, W162 and line 61 cells. The cells were infected 
30 with these two strains of recombinant viruses at 20 

m.o.i. for 48 hrs . Expression was observed in both 
infections as detected both by histochemical staining and 
the 3-galactosidase activity assay described supra. The 



WO 96/14061 



PCTVUS95/14793 



abolished cytopathic effect of the Ad5/AE1 (3 -gal) AE4 
virus was also tested by the plaque assay. The 293 -E4 
was the only permissive cell line for all three strains 
of virus (Ad5/AEl(fJ-gal)AE4, Ad5/AE1 ( 3-gal) AE3 and 
5 H5dll014) . The 293 cells were permissive for the 

Ad5/AE1 (3-gal) AE3 virus, semi -permissive (low level of ~ 
virus production) for the H5dll014 virus but non- 
permissive to Ad5/AE1 (3-gal) AE4 virus. The W162 cell 
line was permissive for H5dll014 virus, but non- 
10 permissive for Ad5/AE1 ( 3~gal) AE3 virus and Ad5/AE1(3~ 
gal)AE4 virus. Hela cells are non-permissive for all 
three strains of viruses. These results demonstrate that 
the double deletion virus does not cause any cytopathic 
effect to the human cell lines tested. Absence of 
15 cytopathic effects following infection of the double 

deletion viruses at m.o.i. 20 suggests that in vivo these 
viruses will not express late gene products. This should 
eliminate the immune response against cells infected with 
recombinant virus, thereby prolonging transgene 
20 expression. 

Example 14 

Efficient transg ene expression and truncated E4 gene 
expression in vitro 

25 To determine the transgene expression mediated 

by Ad5/AE1 (3-gal) AE4 at the transcription level and 
physically visualize the E4 transcription from the 
Ad5/AE1 (3-gal) AE4 virus, Ad5/AE1 (3-gal ) AE4 viral RNA was 
analyzed by Northern blot. Total RNA was harvested from 

30 Hela cells at 4, 24 and 48 hr following infection of 

recombinant adenoviruses at 20 pfu/cell. Total RNAs 
extracted from Hela cells infected with H5dl327 and 
Ad5/AE1 (3-gal) were used as comparison. RNAzol B reagent 
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(Tel-Test, Inc. Friendswood, TX) was used for extraction 
of total RNA. Ten ug total RNAs were electrophoresed in 
a 1% denaturing gel, transferred to a membrane filter, 
and hybridized to radioactive DNA probes. The Northern 
5 blots were sequentially probed with radiolabled 1.65 kb 

EcoRV-AccI fragment of (3 -gal, 2.30 kb Smal H fragment of 
Ad5 E4 region (m.u. 92.. 0-98. 4), 765 bps of the PCR 
product of the L5 region and the 1.45 kb Smal I fragment 
of the L3 region (m.u. 52.6-56.6). The PCR primers for 
10 amplification of adenovirus L5 region were 5'- 

GAGGACTAAGGATTGATT-3 ' (NTs 31811-31828) (SEQ ID NO: 3) 
and 5 ' -CGTGAGATTTTGGATAAG-3 ' (NTs 32549-32566) (SEQ ID 
NO : 4 ) . 

The cells infected by either the Ad5/AE1(0- 

15 gal)AE4 or the Ad5/AE1 (fl-gal) accumulated same level of 

3-gal mRNA at 4 hr post-infection (Figure 7, Panal A). 
However, the cells infected with Ad5MEl (3-gal) AE4 
gradually accumulated lower level of 3-gal at 24 and 48 
hr post-infection compared to the cells infected with 

.20 Ad5/AE1 (3-gal) . This slightly reduced level of 3-gal 

transcript mediated by Ad5/AE1 (3-gal) AE4 is consistant 
with a slightly reduced level of 3-galactosidase enzyme 
activity in infected Hela cells assayed at 24 hr post- 
infection as previously described. When the same blot was 

25 rehybridized with adenoviral E4 probe which extends from 

92.0 to 98.4 m.u. and does not overlap the 3' end of the 
L5 region [Fraser, et al. J" • Mol . Biol. 155: 207-233, 
(1982)]. a characteristic pattern of polysomal mRNAs 
(Tiggs, et al. <J. Virol. 50: 106-117 , (1984) ] was 

30 displayed in both H5dl327 and Ad5 / AE1 ( 3 -gal ) infected 

samples although the level of the E4 transcripts is 
dramatically decreased in Ad5 / AE1 ( 3 -gal ) infected cells. 
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However, there is only one species of E4 transcripts at a 
size corresponding to 1.5 kb in cells infected with the 
AdSMEl (P-gal) AE4 (Figure 7, Panal B) . This observation 
is presumably due to two large deletions within this 
5 E1/E4 deleted vector which destroyed all the open reading 

frames within the E4 region with the exception of the 
ORF4 and resulted in the production of a truncated 
transcripts encoding the ORF4 protein. This example 
supports the results described in Example 13 that the 
10 transgene delivered by the Ad5 / AE1 ( 3 -gal ) AE4 recombinant 

adenoviral vector is efficiently expressed. 

Example 15 

Reduced or elim i nated adenviral late gene expression i n 

is vitro 

The parental mutant adenovirus HSdll014 which 
was used to generate the recombinant adenoviral vector 
Ad5/AE1 (B-gal) AE4 has been reported to show severe 
defects in late gene expression [Bridge and Ketner, J . 

20 Virol. 63: 631-63 8, (1989)]. To determine whether the 

combination of the El and E4 region deletions in 
Ad5/AE1 ((3-gal) AE4 might result in more profound defects 
or complete blockage of late gene expression, the 
accumulation of late mRNAs of Ad5/AE1 (3-gal ) AE4 in 

25 nonpermissive Hela cells was measured by both Northern 

blot and reverse transcription polymerase chain reaction 
(RT-PCR) methods. The Northern blot (described in 
Example 14 and Figure 7) was rehybridized to the L5 
probe, which is the PCR product of Ad5 sequence from NTs 

30 31811 to 32566 within the fiber protein coding region (L5 

region) , and the L3 probe, which is the Smal I fragment 
from m.u. 52.6-56.6 within the hexon protein coding 
region. There was a low level of accumulation of L5 
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transcripts and a detectable level of L3 mRNA in the 
cells infected with El-deleted vector at 48 hr post- 
infection (Figure 7, Panal C and D) . However, both late 
transcripts were not detectable in the cells infected 
5 with the El /E4 -deleted adenoviral vector. 

Applicants further employed the RT-PCR method 
with increased detection sensitivity to determine whether 
adenoviral late gene transcripts were expressed in the 
Ad5/AE1 (3-gal) AE4 recombinant vector. Total RNA was 

10 treated with RNase-free DNase (promega Corp., Madison WI) 

at 1 unit/ug at 37 °C for 60 min. The first strand of 
cDNA was synthesized using pd(N) 6 as primer (Pharmacia, 
Alameda, CA) . The same set of control reactions was done 
by omitting the reverse transcriptase. Both preparations 

15 (RT+ and RT-) were then amplified using the same L5 

primers as described previously (see Example 14) . The 
primers for L3 region were 5 ' -CCTACGCACGAC-3 • (SEQ ID NO: 

5) (NTs 18996-19007); 5 1 -TGTTTGGGTTAT-3 1 (SEQ ID NO: 

6) (NTs 20318-20329) . After amplif ication, the RT 

20 products wee run on a 1% agarose gel and visualized by 

ethidium bromide staining. The L5 mRNA was identified 
both in cells infected with Ad5/AE1 ( 3 -gal) and Ad5/AE1(&- 
gal)AE4 (Figure 8) . There was no detectable L3 mRNA 
transcripts in cells infected with Ad5/ AE1 (3 -gal ) AE4 

25 (Figure 8) . The RT-PCR reaction using 3-actin primers 

was used as an internal control. The 3-actin primers 
utilized for* the RT-PCR were the consensus sequences 
between the rat and human as described in Fraser, et al, 
J. Virol. 63, 631-638, (1989). 

30 To increase the sensitivity of detection of the 

hexon protein sequence (within the L3 region) , RT-PCR 
products were further analyzed by Southern blot probed 
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with an oligomer 5 1 -GACCGTGAGGATACT-3 * (SEQ ID NO: 7) 
which hybridized to the internal region of the RT-PCR 
products of the hexon protein coding region (Figure 9) . 
L3 transcripts were not detected in the cells infected 
5 with the double deleted Ad5 / AE1 ( (5 -gal ) AE4 adenoviral 

vector which confirms the results of the study described 
above and in Figure 8. These results indicate that the 
combination of the El and E4 deletions within the 
Ad5/AE1 (3 -gal) AE4 vector should result in a complete 
10 deficiency of the L3 mRNA which encodes the adenovirus 

capsid protein-hexon, 

Ryample 16 
Pftffgifif.ent tr ansaene Pvpression in vivo 

15 to determine whether reduced or eliminated 

adenovirus late gene expression of the E1/E4 deleted 
adenoviral vector could prolong transgene expression, the 
3-gal gene expression in cells infected with either El- 
deleted vector or El /E4 -deleted vector was examined. The 

20 double deleted Ad5/AE1 (0-gal ) AE4 recombinant virus and 

Ad5/AE1 (p-gal) recombinant virus were used in the 
following in vivo experiments. Viral stocks were 
produced from suspension of complementing packaging cells 
and purified by double CsCl banding as described in 

25 Graham and Prevec, Methods Mol . Biol. 7: 109-128, (1991). 

All the stocks used were free of contamination of El- 
containing virus determined by PCR analysis using El 
region (NTs 13-1338) primer and E2 region (NTs 5053- 
5072) primer as described in Lochmuller, et al, Hum. Gene 

30 Ther. 5: 1485-1491, (1994). Five animals infected with 

each strain of recombinant virus were sacrificied at day 
3, 7, 14, 21, 28, 35 and 77 postinfection. X-gal 
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histochemical staining, described previously, was 
performed on the frozen sections of the above infected 
animal livers. The staining showed that approximately 
100% of tissues expressed the 0-galactosidase gene in 
5 both El-deleted and El /E4 -deleted adenoviral vector 

infected livers at day 3 and 7 . There was a sharp 
declining of X-gal staining from 14 days (75-85%) to 35 
days (15-25%) in the livers infected with the El-deleted 
vector. At 77 days, only 1-2% of the livers stained blue 

10 in El-deleted adenovirus infected animals. In contrast, 

3-galactosidase gene expression was sustained at a level 
of 85% for 28 days in the livers infected with the E1/E4- 
deleted virus. Moreover, at day 77, approximately 65-75% 
of the El/E4-deleted adenovirus infected animal livers 

15 expressed the p-galactosidase gene. This example 

demonstrates that the elimination of the adenovirus late 
gene expression in a E1/E4 double deleted adenoviral 
vector (adenovirus) could significantly prolong the 
expression of a transgene placed in the viral vector 

20 compared to a single deleted adenovirus, e.g.. El deleted 

adenovirus . 

Example 17 

25 Retired ryfnpathir pffecr* and hosr immune 

rfisponsfts in vivo 
To. determine whether there is an inverse 
correlation between a prolonged transgene expression and 
reduced cytopathic . effects in animals infected with the 
30 El /E4 -deleted adenovirus, random liver hematoxylin/eosin 

(H&E) stained sections from five animals per each 
experimental group were examined. Frozen liver section 
(6 urn) were fixed in 0.5% glutaraldehyde and stained for 
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0-gal activity by staining in X-gal solution. For 
morphological study, the paraffin liver sections were 
stained with H&E. Random sections were reviewed. 
Pathological changes such as cell ballooning, tissue 
5 necrosis, loss of lobular structure and inflammatory 

infiltration were observed between day 3 and 7; and 
continued through day 35 in animals infected with El- 
deleted adenovirus vector. By day 77, most animals with 
same infection were recovered from these tissue damages 

10 morphologically. However, none of the above pathologic 

changes was observed between day 3 and 7 except a slight 
inflammatory infiltration appeared after day 14 and in 
the animals infected with El /E4 -deleted adenovirus 
vector. By day 77 r all the animals infected with this 

15 doubly deleted virus vector were retured to normal 

morphologically. This example demonstrates that reduced 
cytopathic effects are mediated by the double deleted 
AdSMEl (3-gal) AE4 recombinant adenoviral vector. The 
prolonged transgene expression in animals infected with 

20 the double deleted adenoviral vector may be due to 

decreased tissue regeneration activity in the liver 
compared to the livers of animals infected with the 
Ad5/AE1 ((J-gal) vector. 

25 Example 18 

rnn^mrtion F4-OPF-6 nlasmid 
This example describes the construction of 
pIK6.1MIP(a) -ORF6 plasmid. The E4-ORF6 region expression 
vector was constructed as illustrated in Figure 10. The 
30 parental pIK6 . 1 MMSV-E4 (AE4 pro.) derived from the 

pIK6 .l.MMSVNhe [also referred to as pIK6.1 MMSVenpoNhe (Hpa) 
or pkatl in Finer, et al, Blood. 1994 and Finer, et al, in 
International application WO 94/29438] contains the full 
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length sequence of the E4 region except the promoter 
sequence. The pIK6 . 1MIP (a) -E4 was constructed by 
ligation of a 238 bp fragment of the Hind III-Xba I PCR 
product of mouse a inhibin promoter [MIP(a)] with the 2.9 
5 kb Xba I-Stu I fragment and the 3.9 kb Stu I-Hind III 

fragment of the pIKS.l MMSV-E4 (AE4 pro.). The 
pIK6. lMIP(a) -ORF6 plasmid was constructed by replacing 
the promoterless E4 region with a PCR product of the ORF6 
fragment. The PCR primers for the E4-ORF6 coding region 

10 are 5 ' -gccaatctagaGCTTCAGGAAATATGACT-3 ' (Ad5 NTs 34072 to 

34089) (SEQ ID NO:8) and 5 ' -catctctcgagGGAGAAGTCCACGCCTAC- 
3' (Ad5 NTs 33179 to 33196) (SEQ ID NO:9). The sequences 
containing either the Xhol site or Xba I site in 
lowercase were present to facilitate cloning. The 

15 transcription of the ORF6 is driven by the mouse a 

inhibin promoter and the heterologous polyadenylation 
signals (SV40 polA) on the plasmid backbone downstream of 
the ORF6 region was utilized. The cloned ORF6 DNA 
fragment was sequenced to verify the accuracy of the 

20 sequence. The pIK6 . 1MIP (a) -ORF6 was used to generate the 

packaging cell line as described infra. 

Example 19 

25 rnn.^ruetinn nf ^Q^-ORF6 Cfil 1 line s 

The following example describes the 
construction^ of 293-ORF6 cell lines To eliminate the 
potential possibility of generating E4 containing virus, 
this new packaging cell line has been established by 
30 introducing a minimum essential Ad5 E4 ORF6 coding region 

into 293 cells. The plasmid pIK. MIP(a)-ORF6 carries a 
910 bp PCR fragment of Ad5 E4-ORF6 coding region from 
nucleotide 1846 to 2756 numbered from the right end of 
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the genome. The ORF6 region was cloned downstream of the 
mouse a inhibin promoter region as previously described. 
The pIK6.1MIP(a) -ORF6 was co- transf ected into 293 cells 
with a plasmid containing the Neor gene. Fifty-four G418 
5 resistant clones were isolated, expanded and screened for 

integration of the E4-ORF6 sequence by Southern blotting 
(Figure 11) . Genomic DNA from each clone was digested 
with Hind III and XmnI and hybridized to the ORF6 PCR 
fragment (Figure 11, Panel A) . Eight out of the total 54 

10 screened clones retained at least one copy of predicted 

1.7 kb fragment for intact ORF6 region. The blots were 
rehybridized with the El probe which is a Ad5 Hind III E 
fragment (m.u. 7.7-17.1) (Figure 11, Panel B) . All eight 
293-ORF6 cell lines showed the same sized fragment 

15 detected by the El probe as that found in the parental 

293 cells (Figure 11) . This example demonstrates that the 
structure of the El gene has not been altered in the cell 
lines. Not only do the cell lines above have the intact 
El gene but they also retain at least one copy of the E4 

20 ORF6 region. 

Example 20 

Complementa t ion of E4 function bv 293-QRF6 ce ll li nes 

The 293-ORF6 cell lines were screened for their 

25 ability to produce virus following infection with the E4- 

deleted mutant adenovirus, H5dll014. The H5dll014 
adenovirus cpntains two deletions which destroy all the 
open reading frames of the E4 region with the exception 
of 0RF4, resulting in the production of substantially 

30 less viral DNA and late viral proteins in Hela cells. The 

W162 cell line, which contain intact E4 region, is a 
permissive cell line for the growth of H5dll014 [Bridge 
and Ketner, J. Virol. 63: 631-638, (1989)]. When the 
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parental 293, W162, 293-E4 and 293-ORF6 cell lines were 
infected with H5dll014 at an moi of 25 pfu, all eight 
293-ORF6 cell lines showed comparable cytopathic effect 
(CPE) as observed in W162 cells as well as in 293 -E4 
5 cells at 3-4 days of post-infection. Quantitative 

analysis of the production of H5dll014 was performed by 
plaque assay with limiting dilution on the monolayers of 
the 293-ORF6 and control cell lines. The titers of the 
H5dll014 produced by 293-ORF6 are at similar range of 
10 that produced from both W162 and 293-E4 cells. (Table V) 

Thus, 293-ORF6 cell lines which only contain a small 
essential DNA fragment of the E4 gene region are 
sufficient to complement the E4 function and support the 
growth of the E4 deletion mutant virus. 

15 

Example 21 

Complemen tation of El function bv 293-ORF6 cell lines 

Southern analysis demonstrated that all of the 
293-ORF6 cell lines examined contain an intact El region 

20 copy. These lines were assayed for their biological 

activity to complement the El function. (Complementary 
activity assay as shown in Table V.) Monolayers of W162, 
293, 293-E4, and 293-ORF6 #34 cell lines were infected 
with the El-deleted mutant virus, H5dl312 and viral 

25 production was determined by limiting dilution plaque 

assay. Each of the eight 293-ORF6 cell lines produced 
the El-delet^d virus at a level similar to that produced 
by the parental 293 cells (Table V) . Therefore, the 293- 
ORF6 cell lines possess the ability to complement both 

30 the El and E4 gene product functions. 
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TART.R V 

Characterization of E4-ORF6 cell lines by 
biological complementation activity 

Cell Line Titer (pfu/ml) e 

dH014 a dl312 b AEl/AE** 

5 W162 5.0 x 10' 0 0 

293 0 2.2 x 10" 0 
293-E4 6.0 X 10« 1.8 x 10" 2.0 x 10* 

ORF6-34 6.0 X IP 7 6.0 x 10" 5.0 x 10* 

10 The titers of H5dll014 lysates produced from cell lines were 

determined by plaque assay on W162 monolayer culture. 

"The titers of H5d312 stock and dEl/dE4 stock were determined on cell 
lines. 



15 



The values in the table are the averages of titers measured on 
duplicate samples. 



54 



WO 96/14061 



PCT/US95/14793 



Example 22 

fiimnTfaneous complementation of both El and E4 functions 
bv 293-OP P6 c*f>M Tines 
This example describes the ability of the 293- 
5 ORF6 cell lines to rescue recombinant virus which harbors 

deletions in both the El and the E4 regions. Cell line 34 
was chosen for further testing from the two cell lines 
which produced the highest titer of H5dll014, i.e., cell 
line 21 and 34. The E1/E4 double deleted recombinant 

10 virus, Ad5/AE1 (3-gal) AE4, constructed as described 

previously, contains the E. coli 0-galactosidase gene 
which is under the control of pgk promoter. Ad5/AE1(P~ 
gal)AE4 was generated by recombination using H5dll014 as 
parental virus as previously described. Quantitative 

15 analysis of the production of Ads/AEl (3-gal) AE4 was 

performed by plaque assay with limiting dilution on the 
monolayers of the control cell lines and 293-ORF6-34 
line. Plaques which stained blue with X-gal staining 
appeared on the monolayers of 293-E4 and 293-ORF6-34 at 

20 7-10 days post-infection. The titer of the Ad5/AE1(&- 

gal)AE4 produced from 293-ORF6-34 cell line was the same 
as the titer produced from the 293-E4 cell line. This 
example demonstrates that the 293-ORF6-34 cell line is 
able to support the growth of the virus having both El 

25 and E4 lethal deletions. The new packaging cell lines 

described in Example 19 are advantageous for the 
propagation of El/E4-deleted recombinant adenoviral 
vectors because they produce high titer virus and are 
unable to generate replication-competant adenovirus (RCA) 

30 due to the absence of overlap between the E4 deletion 

within the vector and the E4-ORF6 expressing plasmid 
present in the transfected cell line. 
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Example 23 

rnnstruc t^ n nf nlasmid 

The pIK6.1MIP(a) -E2A plasmid was derived from 
5 the pIK6.1MIP(a) -E4 as described above. The promoterless 

E4 gene was replaced with the Ad5 E2A gene from 21562 to 
24627 (m.u. 59.9 to 68-3) [Klessig, et al, Mol . Cell. 
Bio. 4: 1354-1362, (1984)] with the second leading 
sequence present. The Ad5 E2A gene encodes the 

10 adenovirus DNA binding protein (DBP) and is required for 

adenovirus DNA replication [Van er Vliet and Sussenbach, 
Virology, 67: 415-426, (1975)]. The gene (m.u. 61.5-68) 
which lacks its own promoter and the first leader 
sequence was cloned downstream of the mouse a inhibin 

15 promoter region. A PCR product from m.u. 65.2 to 68.3 

was generated using primers 5 1 -tccatttctagaTCGGCTGCGGTTG- 
3' (SEQ ID NO: 10) (AdS NTs 24615 to 24627) and 5'- 
ACGTGGTACTTGTCCATC - 3 ' (SEQ ID NO: 11) (Ad5 NTs 23443 to 
23460) . The sequence containing the Xba I site in 

20 lowercase is present to facilitate ligation and cloning. 

The PCR product was digested with both Xba I and Pvu I, 
and ligated with the AdS Bam HI and Pvu I DNA fragment 
from NTs 21562 to 23501 (m.u. 59.9 to 65.2). The 
promoterless E2A DNA sequence was next used to replace 

25 the promoterless E4 region on the plasmid pIK6 . 1MIP (a) - 

E4 . The transcription of the cloned E2A gene is driven 
by the mouse a- inhibin promoter and the heterologous 
polyadenylation signals (SV40 polA) on the plasmid 
backbone downstream of the E2A region was utilized. The 

30 cloned E2A gene was sequenced to verify the accuracy of 

the sequence. The pIK6 . 1MIP (a) -E2A plasmid was used to 
generate the packaging cell line as described infra. 
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Example 24 

rnn^mctinn of 293-F7A cell line 
5 The following example describes the 

construction of the 293-E2A cell lines. To construct a 
packaging cell line which is able to complement both the 
El and the E2A gene functions in trans simultaneously, 
the plasmid pIK. MIP(a)-E2A was cotransf ected into 293 

10 cells with a plasmid containing the Neo r gene. The 293 

cells (ATCC CRL1573) were grown in Dulbecco ' s modified 
Eagle's medium (DMEM) , lg/L glucose (JRH Biosciences, 
Denver, PA) , 10% donor calf serum (Tissue Culture 
Biologies, Tulare, CA) . Cells were seeded at SxlO'per 10 

15 cm plate 48 hours prior to the transf ection . Ten mg of 

pIK6 . lMIP{a) -ORF6 and 1 mg of pGEM-pgkNeo . pgkpolyA, 
encoding the neomycin resistance gene under the control 
of the mouse phosphoglycerate kinase promoter were co- 
transfected into 293 cells by calcium phosphate co- 

20 precipitation [Wigler, et al. Cell 16: 777-785, (1979)]. 

Fifty G418 resistant clones were isolated, 
expanded and screened for integration of the E2A sequence 
by Southern blotting. Genomic DNA from each clone was 
digested with Xba I and Afl II and hybridized to the E2A 

25 probe. Twelve out of the total 50 screened clones 

retained at least one copy of predicted 1.44 kb fragment 
for intact H2A region. The blots were reprobed with the 
El probe (Ad5 Hind III E fragment from m.u. 7.7-17.1). 
All twelve 293-E2A cell lines have a fragment with same 

30 size as that in the parental 293 cells. This example 

demonstrates that the structure of the El gene has not 
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been altered in these cell lines and that the cell lines 
retain at least one copy of the E2A gene. 

5 Example 25 

ronsfmrtin n nf 293-KA/R3A cell line 

The following example describes the 
construction of the 293-E4/E2A cell lines. To construct 
a packaging cell line which is able to complement the 

10 functions of the El, the E2A and the E4 in trans 

simultaneously, the plasmid pIK. MIP(a)-E2A was 
cotransfected into 293 -E4 cells with a plasmid containing 
the Neo r gene. The 293-E4 cells were grown in Dulbecco's 
modified Eagle's medium (DMEM) , lg/L glucose { JRH 

15 Biosciences, Denver, PA), 10% donor calf serum (Tissue 

Culture Biologies. Tulare, CA) . Cells were seeded at 5xl0 5 
per 10-cm plate 48 hours prior to the transf ection. Ten 
mg of pIK6.1MIP(a)-ORF6 and 1 mg of pGEM-pgkNeo .pgkpolyA, 
encoding the neomycin resistance gene under the control 

20 of the mouse phosphoglycerate kinase promoter were co- 

transfected into 293 cells by calcium phosphate co- 
precipitation (Wigler, et al, 1979). Fifty G418 
resistant clones were isolated, expanded and screened for 
integration of the E2A sequence by Southern blotting. 

25 Genomic DNA from each clone was digested with Xba I and 
Afl II and hybridized to the E2A probe. Twenty-one out 
of the total 50 screened clones retained at least one 
copy of predicted 1.44 kb fragment for intact E2A region. 
The blots were reprobed with the El probe (Ad5 Hind III E 

30 fragment from m.u. 7.7-17.1) and E4 probe (Smal H 

fragment from m.u. 92-98 .4) . All twenty-one 293-E2A cell 
lines have the same integrated El and E4 DNA patterns as 
those of their parental cell line-293-E4. This example 
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demonstrates that the structures of the El and E4 genes 
have not been altered in these cell lines and in 
addition, one copy of the E2A gene is retained in all of 
these lines. 



Kvamnle 2 6 

rnnsr.mgti n n nf virus-associated RNA f VARNA) p l asm i d 

This example describes the construction of the 

10 pIK6 . 1 -VARNA plasmid. The pIK6.1-VARNA plasmid was 

derived from the pIK6 . 1 which was previously described by 
Finer et al in WO 94/29438. A PCR product which contains 
Ad5 VA RNA1 and VA RNA2 genes with their endogenous 
promoter for RNA polymerase III from m.u. 29 to 30.1 was 

15 cloned into the pIK6 . 1 plasmid. The PCR product was 

generated using primers 5 1 -tactaacctaggACGCGGTCCCAGATGTTG 
-3' (Ad5 Nts 10504 to 10521 ) (SEQ ID NO: 12) and 5'- 
tactaacactacCCGCTGCTCTTGCTCTTG -3' (Ad5 NTs 11095 to 
11112) (SEQ ID NO:13). These sequences containing either 

20 the Avr II or Dra III site in lowercase were present to 

facilitate cloning (Figure 13). The cloned virus- 
associated RNA gene was sequenced to verify the accuracy 
of the sequence. 

25 All publications cited in this specification 

are herein incorporated by reference in their entirety as 
if each individual publication was specifically and 
individually indicated to be incorporated by reference. 

3 0 As will be apparent to those skilled in the art 

to which the invention pertains, the present invention 
may be embodied in forms other than those specifically 
disclosed above without departing from the spirit or 
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essential characteristics of the invention. The 
particular embodiments of the invention described above, 
are, therefore, to be considered as illustrative and not 
restrictive. The scope of the invention is as set forth 
5 in the appended claims rather than being limited to the 

examples contained in the foregoing description. 
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SEQUENCE LISTING 



15 



30 



(1) GENERAL INFORMATION: 

(i) APPLICANT: WANG, QING 

FINER, MITCHELL H. 
JIA, XIAO-CHI 



10 (ii) TITLE OF INVENTION: NOVEL ADENOVIRAL VECTORS , 

PACKAGING CELL LINES, RECOMBINANT ADENOVIRUSES, 

AND METHODS 



(iii) NUMBER OF SEQUENCES: 13 



(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: CELL GENESYS, INC. 

(B) STREET: 322 LAKESIDE DRIVE 

(C) CITY: FOSTER CITY 
2 0 (D) STATE: CALIFORNIA 

(E) COUNTRY: USA 

(F) ZIP: 94404 

(v) COMPUTER READABLE FORM: 
25 (A) MEDIUM TYPE: Floppy disk 

(B*) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC -DOS /MS -DOS 

(D) SOFTWARE: Patentln Release #1.0, Version 



#1.25 

(vi) CURRENT APPLICATION DATA: 
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(A) APPLICATION NUMBER: 

(B) FILING DATE: 03-NOV-1995 

(C) CLASSIFICATION: 

5 (viii) ATTORNEY /AGENT INFORMATION : 

(A) NAME: KRUPEN, KAREN I. 

(B) REGISTRATION NUMBER: 34,647 

(C) REFERENCE/DOCKET NUMBER: CELL 16.3 

10 (ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (415)3 58*9600 X131 

(B) TELEFAX: (415)349-3792 



15 (2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 
20 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



25 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 



GCGCAAGCTT CGGGAGTGGG AGATAAGGCT C 
30 31 
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(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 31 base pairs 
5 (B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

10 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

15 GGCCTCTAGA AGTTCACTTG CCCTGATGAC A 

31 

(2) INFORMATION FOR SEQ ID NO: 3: 

20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

25 

(ii) MOLECULE TYPE: DNA (genomic) 



30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
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GAGGACTAAG GATTGATT 
18 

(2) INFORMATION FOR SEQ ID NO: 4: 

5 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
10 (D) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: DNA (genomic) 



15 



20 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 

CGTGAGATTT TGGATAAG 
18 

(2) INFORMATION FOR SEQ ID NO: 5: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 12 base pairs 
25 (B) TYPE: nucleic acid 

(O STRANDEDNESS: single 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (genomic) 



30 
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10 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 

CCTACGCACG AC 
12 

(2) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



15 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 6 : 

20 TGTTTGGGTT AT 

12 

( 2 ) INFORMATION FOR SEQ ID NO : 7 : 

25 (i) SEQUENCE CHARACTERISTICS: 

(A*) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 



(ii) MOLECULE TYPE: DNA (genomic) 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

5 GACCGTGAGG ATACT 

15 

(2) INFORMATION FOR SEQ ID NO: 8: 

10 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 9 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

15 

(ii) MOLECULE TYPE: DNA (genomic) 



20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 8 : 

GCCAATCTAG AGCTTCAGGA AATATGACT 
29 

25 (2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 
30 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: DNA (genomic) 



5 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

CATCTCTCGA GGGAGAAGTC CACGCCTAC 
29 

10 (2) INFORMATION FOR SEQ ID NO: 10: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 5 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single t 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 



TCCATTTCTA GATCGGCTGC GGTTG 
25 25 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11 

ACGTGGTACT TGTCCATC 
18 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12 

TACTAACACT ACCCGCTGCT CTTGCTCTTG 
30 

(2) INFORMATION FOR SEQ ID NO: 13: 
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10 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13 

TACTAACCTA GGACGCGGTC CCAGATGTTG 
30 



15 
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International Application No: PCT7 / 

MICROORGANISMS 

Optioni 1 Sheet in connection with the microorganism referred to on page lines of the description ■ 

A. IDENTIFICATION OF DEPOSIT ' 

Further deposits ere identified on en additional sheet ' 

Name of depositary insotunon * 
American Type Culture Collection 



Address of depositary institution (including postal code and country) * 

12301 Parklawn Drive 
Rockviue. MD 20852 
US 



Date of deposit ' Auqust 30, 1 994 Accession Number ' CRL 1 1 7n 

8. ADDITIONAL INDICATIONS ' de**e blank tf iw tppiicabfc) This informal ton o continued on i mswc uuctod theet 



C. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE * «». 



D. SEPARATE FURNISHING OF INDICATIONS ' n«w bin* .fnnnoMei 



Th« macatiom b«t»d b#fow will o« «uemin*d to tfto International Butmu tstm ' (So*ofv trm gmnmm naiur* a* try rM»e*tton* • g 
'Accession Nixntw of Deposit') 



E. □ This sheet was received with the International application when filed do be checked by the receiving Office) 



{Authorized Officer) 



□ The date of receipt (from the applicant) by the InternauonaJ Bureau * 



was 



(Authorized Officer) 

Porm PC T /flO/134 (January l5fl<> ~ 
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International Application No: PCT/ / 



Form PCT/RO/1 34 (com.) 

American Type Culture Collection 

12301 Park lawn Drive 
Rockvilla. MO 20852 
US 



Accession No. 
75879 



Date of Deposit 
August 30. 1994 
October 25, 1995 
October 25, 1995 
October 25. 1995 
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WE CLAIM: 

1. A DNA plasmid comprising an adenoviral gene 
or gene region that encodes a cytotoxic protein operably 
5 linked to an inducible promoter. 

2 . The DNA plasmid of claim 1 wherein said 
adenoviral gene or gene region is selected from the E2A 
gene or E4 gene region. 

10 

3. A DNA plasmid comprising an adeno- 
associated viral gene that encodes a protein operably 
linked to an inducible promoter. 

15 4 . The DNA plasmid of claim 3 wherein said 

adeno-associated viral gene is selected from the rep gene 
region and cap gene region. 

5. A DNA plasmid comprising an adeno- 

20 associated viral gene wherein said gene encodes one of 

the adeno-associated virus Rep proteins and is operably 
linked to an inducible promoter. 

6. The DNA plasmid of any one of claims 1-5 in 
25 the alternative wherein said inducible promoter is the 

promoter from the cAMP response element binding protein 
regulated genes , 

7. The DNA plasmid of any one of claims 1-5 in 
3 0 the alternative wherein said inducible promoter is 

selected from the gene encoding mammalian alpha inhibin. 
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8. The DNA plasmid of any one of claims 1-5 in 
the alternative wherein said inducible promoter is 
selected from the gene encoding mouse alpha inhibin. 

5 

9 . The' DNA plasmid of any one of claim 1 
wherein said inducible promoter is selected from the gene 
encoding the tetracycline responsive promoter. 

10 10. The plasmid plk6 . 1 MIP(a)-E4 designated 

ATCC #75879. 

11. A packaging cell line that supports the 
growth of a mutant adenovirus defective in replication, 

15 wherein said adenovirus comprises at least two deletions, 

at least two mutations, or at least one mutation and one ; 
deletion selected from the group consisting of El, E2A, 
E4 early gene regions, viral structural genes, and 
optionally a deletion of the E3 gene region. 

20 

12. A packaging cell line that supports the 
growth of a recombinant adenoviral vector, wherein said 
vector comprises at least two deletions, two mutations or 
one deletion and one mutation selected from the group 

25 consisting of El, E2A, E4 early gene regions, viral 

structural genes, and optionally a deletion of the E3 
gene region ^nd said recombinant adenoviral vector 
additionally comprises a transgene that replaces any one 
of said deletions. 
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13 . A packaging cell line that supports the 
growth of a mutant adeno-associated virus defective in 
replication, wherein said packaging cell line comprises 
the El, E2A and E4 early gene regions, the DNA sequences 

5 encoding the virus -associated RNA, and wherein said virus 

is free of helper adenovirus. 

14. A packaging cell line that supports the 
growth of a recombinant adeno-associated virus defective 

10 in replication grown in a packaging cell line comprising 

the El, E2A and E4 early regions, and virus-associated 
RNA sequences, wherein said virus is free of helper 
adenovirus . 

15 15. A packaging cell line that supports the 

growth of a mutant adeno-associated virus defective in 
replication, said packaging cell line comprises El, E2A, 
E4 early gene regions, virus-associated RNA sequences, 
adeno-associated virus rep gene region, and optionally 

20 the E3 early gene region, and wherein said mutant virus 

carries a deletion of adeno-associated virus rep gene 
region and is free of helper adenovirus. 

16. A packaging cell line that produces a 
25 recombinant adeno-associated virus defective in 

replication, wherein said packaging cell line comprises 
El, E2A, E4 .early gene regions, DNA sequences encoding 
virus-associated RNA, adeno-associated virus rep gene 
region, and optionally the E3 early region, and wherein 
30 said mutant virus carries a deletion of adeno-associated 

virus rep gene region and is free of helper adenovirus. 



74 



WO 96/14061 PCT/US95/14793 



17 . A packaging cell line that supports the 
growth of a mutant adeno-associated virus defective in 
replication, wherein said packaging cell line comprises 
El, E2A, E4 early gene regions, virus-associated RNA 

5 sequences, adeno-associated virus rep gene region, adeno- 

associated virus cap gene region and optionally the E3 
early gene region, and wherein said mutant virus carries 
a - deletion of adeno-associated virus rep gene region and 
is free of helper adenovirus. 

10 

18. A packaging cell line that produces a 
recombinant adeno-associated virus defective in 
replication, wherein said packaging cell line comprises 
El, E2A, E4 early gene regions, DNA sequences encoding 

15 virus-associated RNA, adeno-associated virus rep region, 

the adeno-associated virus cap gene region and optionally 
the E3 early region, and wherein said mutant virus 
carries a deletion of adeno-associated virus rep gene 
region and is free of helper adenovirus. 

20 

19. A mutant adenovirus defective in 
replication, wherein said adenovirus comprises at least . 
two deletions, at least two mutations, or at least one 
mutation and one deletion selected from the group 

25 consisting of El, E2A, E4 early gene regions, viral 

structural genes, and optionally a deletion of the E3 
gene region,, and wherein said adenovirus is produced in 
the packaging cell line of claim 11. 
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20. A mutant adenovirus defective in 
replication, wherein said adenovirus comprises at least 
two deletions, at least two mutations, or at least one 
5 mutation and one deletion selected from the group 

consisting of El, E2A, E4 early gene regions, viral 
structural genes, and optionally a deletion of the E3 
gene region. 

10 21. A recombinant adenoviral vector, wherein 

said vector comprises at least two deletions, two 
mutations or one deletion and one mutation selected from 
the group consisting of El, E2A, E4 early gene regions, 
viral structural gene sequences, and optionally a 

15 deletion of the E3 gene region, wherein said recombinant 

adenoviral vector additionally comprises a transgene that 
replaces any one of said deletions, said vector is 
produced from the packaging cell line of claim 12. 

20 22, A recombinant adenoviral vector, wherein 

said vector comprises at least two deletions, two 
mutations or one deletion and one mutation selected from 
the group consisting of El, E2A, E4 early gene regions, 
viral structural genes, and optionally a deletion of the 

25 E3 gene region, wherein said recombinant adenoviral 

vector additionally comprises a transgene that replaces 
any one of said deletions. 

23. A mutant adeno-associated virus defective 
30 in replication grown in a packaging cell line, wherein 

said packaging cell line comprises the El, E2A and E4 
early gene regions, and the DNA sequences encoding virus- 
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20 



25 



associated RNA, and wherein said virus is free of helper 
adenovirus . 

24. A recombinant adenoviral vector defective 
in replication grown in a packaging cell line, wherein 
said packaging cell line comprises the El. E2A and E4 
early gene regions, the virus-associated RNA sequences, 
and optionally the E3 early gene region, and wherein said 
virus is free of helper adenovirus. 



25. A mutant adeno-associated virus defective 
in replication grown in a packaging cell line, wherein 
said packaging cell line comprises El. E2A, E4 early gene 
regions, the DNA sequences encoding virus-associated RNA, 

15 adeno-associated virus rep gene region, and optionally , 

the E3 early gene region, and said mutant virus comprises 
a deletion of adeno-associated virus rep gene region and 
is free of helper adenovirus. 

26. A recombinant adeno-associated viral 
vector defective in replication -grown in a. packaging cell 
line, wherein said packaging cell line comprises El. E2A„. 
E4 early gene regions, the DNA sequences encoding virus- 
associated RNA, adeno-associated virus rep gene region, 
and optionally the E3 early region, wherein said viral 
vector carries a deletion of adeno-associated virus rep 
gene region and is free of helper adenovirus, and 
additionally comprises a transgene that replaces said 

. deletion. 



30 
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27. A mutant adeno-associated virus defective 
in replication grown in a packaging cell line, wherein 
said packaging cell line comprises El, E2A, E4 early gene 
regions, the DNA sequences encoding virus-associated RNA, 

5 adeno-associated virus rep gene region, the adeno- 

associated virus cap gene region and optionally the E3 
early gene region, and said mutant virus carries a 
deletion of adeno-associated virus rep gene region and is 
free of helper adenovirus. 

10 

28. A recombinant adeno-associated viral 
vector defective in replication grown in a packaging cell 
line, wherein said packaging cell line comprises El, E2A, 
E4 early gene regions, the DNA sequences encoding virus- 

15 associated RNA, adeno-associated virus rep gene region, 

adeno-associated virus cap gene region and optionally the 
E3 early region, said viral vector carries a deletion of 

adeno-associated virus rep gene region and is 
free of helper adenovirus, and additionally comprises a 

20 transgene that replaces said deletion. 

29. A method of infecting a mammalian target 
cell with a recombinant adenovirus or adeno-associated 
virus containing a transgene, said method comprising the 

25 steps of: 

i. infecting said target cell with a 

recombinant viral vector of any one of 
claims 21, 22, 24, 26 or 28 in the 
alternative, said viral vector carrying a 
30 selected transgene and, 

ii. expressing said transgene in the targeted 
cell. 
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30. Mammalian target cells infected with a 
transgene produced by the method of claim 29. 

31. The target cells of claim 30 wherein said 
5 cells are selected from the group consisting of 

replicating, slow-replicating or non-replicating human 

cells . 

32. The packaging cell line derived from human 
10 embryonic kidney cells given the ATCC designation #CRL 

11711. 

33. A method of treating a hereditary or 
acquired disease, said method comprising the steps of: 

15 - i. administering a pharmaceutical^ 

acceptable dose of a recombinant 
adenoviral derived- or adeno-associated . 
viral derived- vector of any one of claims 
21. 22, 24, 26, or 28 in the alternative, . 
20 in a target cell, wherein said vector 

comprises a transgene wherein said 
transgene is a therapeutic gene, and 
expressing said therapeutic gene in the 
target cell such that the hereditary or 
acquired disease is ameliorated. 



25 



30 



34. A vaccine comprising a recombinant 
adenoviral derived or adeno-associated viral derived 
vector of any one of claims 21. 22. 24, 26, 28, 36. 55. 
57, 59, 60 or 62 in the alternative, and a 
pharmaceutically acceptable carrier. 
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35. A packaging cell line that supports the 
growth of an adenoviral vector, wherein said vector 
comprises at least two deletions selected from the group 
consisting of El and E4 early gene regions and optionally 

5 a deletion of the E3 gene region, wherein said 

recombinant adenoviral vector additionally comprises a 
transgene that replaces any one of said deletions. 

36. A recombinant adenoviral vector, wherein 
10 said vector comprises at least two deletions selected 

from the group consisting of El and E4 early gene 
regions, and optionally a deletion of the E3 gene region, 
wherein said recombinant adenoviral vector additionally 
comprises a transgene that replaces any one of said 
15 deletions. 

37. A DNA plasmid comprising an adenoviral 
gene fragment E4 open reading frame 0RF6 operably linked 
to an inducible promoter. 

20 

38. The DNA plasmid of claim 37 wherein the 
inducible promoter is a promoter selected from the cAMP 
response element binding protein regulated genes. 

25 39. The DNA plasmid of ^claim 3 8 wherein the 

inducible promoter is selected from the gene encoding 
mammalian alpha inhibin. 

40. The DNA plasmid of claim 39 wherein the 
30 inducible promoter is from mouse alpha inhibin. 
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41. The DNA plasmid of claim 37 wherein the 
inducible promoter is selected from a drug inducible 
tetracycline responsive promoter . 

42. The plasmid pIK6 . 1 MIP(a)-E4 0RF6 
designated ATCC # 

43 . A DNA plasmid comprising an adenoviral 
gene E2A operably linked to an inducible promoter. 

44 . The DNA plasmid of claim 43 wherein the 
inducible promoter is a promoter selected from the cAMP 
response element binding protein regulated genes. 

15 45. The DNA plasmid of claim 44 wherein the 

inducible promoter is selected from the gene encoding 
mammalian alpha inhibin. 

46. The DNA plasmid of claim 45 wherein the 
20 inducible promoter is from mouse alpha inhibin. 

47 . The DNA plasmid of claim 45 wherein the 
inducible promoter is a drug inducible tetracycline 
responsive promoter. 
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30 



48. The plasmid pIK6 . 1 MIP(a)-E2A designated 

ATCC #. 

49. A packaging cell line that supports the 
growth of a mutant adenovirus defective in replication or 
a recombinant adenoviral vector, wherein said adenovirus 
or adenoviral vector comprises at least two deletions, at 
least two mutations, or at least one mutation and one 
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deletion selected from the group consisting of El, E2A, 
E4-ORF6 early regions, and optionally a deletion of the 
E3 gene region and said recombinant adenoviral vector 
additionally comprises a transgene that replaces any one 
5 of said deletions. 

50. A packaging cell line that supports the 
growth of a mutant adenovirus defective in replication or 
a recombinant adenoviral vector, wherein said adenovirus 

10 or adenoviral vector comprises two deletions from the El 

and E4-ORF6 early gene regions, and optionally a 
deletion of the E3 gene region and said recombinant 
adenoviral vector additionally comprises a transgene that 
replaces any one of said deletions. 

15 

51. The packaging cell line derived from human 
embryonic kidney cells transfected with the adenovirus 5 
E4 ORF6 DNA gene fragment designated #CRL 

20 52. A packaging cell line that supports the 

growth of a mutant adenovirus defective in replication or 
a recombinant adenoviral vector, wherein said adenovirus 
or adenoviral vector comprises two deletions from the El 
and E2A early gene regions, and optionally a deletion of 

25 the E3 gene region and said recombinant adenoviral vector 

additionally comprises a transgene that replaces any one 
of the deletions. 

53 . A DNA plasmid comprising one or more 
JO adnoviral late gene regions operably linked to a 

tetracycline responsive promoter. 
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54. The DNA plasmid of claim 53 wherein said 
adenoviral late gene region is selected from LI, L2 , L3 . 
L.4 or L5. 

5 55. A recombinant adenoviral vector, wherein 

said vector comprises two deletions from the El and E4 
early gene regions, and optionally a deletion of the E3 
gene region, and further wherein said recombinant 
adenoviral vector additionally comprises a transgene that 
10 replaces any of said deletions. 

56. A mutant adenovirus defective in 
replication, wherein said adenovirus comprises two 
deletions from the El and E4 early regions, and 

15 optionally a deletion of the E3 region. 

57. A recombinant adenoviral vector, wherein 
said vector comprises three deletions from the El. E2A . 
and E4 early gene regions, and optionally a deletion of 

20 the E3 gene region, and further wherein said recombinant 

adenoviral vector additionally comprises a transgene that 
replaces any of said deletions. 

58. A mutant adenovirus defective in 

25 replication, wherein said adenovirus comprises three 

deletions from the El. E2A and E4 early regions, and 
optionally a. deletion of the E3 region 



30 



59. A recombinant adenoviral vector, wherein 
said vector comprises two deletions from the El and E2A 
early gene regions, and optionally a deletion of the E3 
gene region, and further wherein said recombinant 



83 



WO 96/14061 



PCT/US95/14793 



adenoviral vector additionally comprises a transgene that 
replaces any of said deletions . 

60. A mutant adenovirus defective in 

5 replication, wherein said adenovirus comprises two 

deletions from the El and E2A early regions, and 
optionally a deletion of the E3 region. 

61. The recombinant adenoviral vector of claim 
0 21, 22, 36, 55, 57 or 59 wherein said transgene is 

expressed under the control of the human phosphoglycerate 
kinase promoter. 

62. The recombinant adeno-associated viral 
5 vector of claim 2 6 or 28 wherein said transgene is 

expressed under the control of the human phosphoglycerate 
kinase promoter. 
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• (Referred to in PCT Gazette No. 45/1996, Section O) 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States 
applications under the PCT. 



AT 


Austria 


All 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


CH 


Switzerland 


CI 


Cote d'lvoire 


CM 


Cameroon 


CN 


China 


CS 


Czechoslovakia 


CZ 


Czech Republic 


DE 


Germany 


DK 


Denmark 


ES 


Spain 


Fl 


Finland 


FR 


France 


GA 


Gabon 



party to the PCT on the front pages 



GB 


United Kingdom 


GE 


Georgia 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IE 


Ireland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgystan 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic of Korea 


KZ 


Kazakhstan 


U 


Liechtenstein 


LK 


Sri Lanka 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia 



pamphlets publishing international 



MR 


Mauritania 


MW 


Malawi 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


R(J 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


US 


United States of America 


uz 


Uzbekistan 


VN 


Viet Nam 



WO 96/14061 



PCT/US95/14793 



NOVEL ADENOVIRAL VECTORS, PACKAGING CELL LINES, 
RECOMBINANT ADENOVIRUSES AND METHODS 



FIELD OF THE INVENTION 

The present invention relates to novel replication- 
deficient adenoviral vectors, novel packaging cell lines 
10 and recombinant adenoviruses for human gene therapy. In 

particular, the novel packaging cell lines have the 
complementary function for the early gene region El, E4 
and optionally the E3 deletions of human adenovirus. ^ 

15 BACKGROUND OF THE INVENTION 

Replication-defective retroviral vectors as gene 
transfer vehicles provide the foundation for human gene 
therapy. Retroviral vectors are engineered by removing 

20 or altering all viral genes so that no viral proteins are 

made in cells infected with the vector and no further 
virus spread occurs. The development of packaging cell 
lines which are required for the propagation of 
retroviral vectors were the most important step toward 

25 the reality of human gene therapy. The foremost 

advantages of retroviral vectors for gene therapy are the 
high efficiency of gene transfer and the precise 
integration of the transferred genes into cellular 
genomic DNA. However, major disadvantages are also 

30 associated with retroviral vectors, namely, the inability 

of retroviral vectors to transduce non-dividing cells and 
the potential insertional mutagenesis* 
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Human adenoviruses have been developed as live viral 
vaccines and provide another alternative for in vivo gene 
delivery vehicles for human gene therapy [Graham & Prevec 
in New Approaches to Immunological Problems, Ellis (ed) , 
5 Butterworth-Heinemann, Boston, MA, pp. 363-390 (1992) 

Rosenfeld, et al. Science 252: 431-434 (1991), Rosenfeld, 
et al, Cell 68: 143-155 (1992), and Ragot, et al. Nature 
361: 647-650 (1993)]. The features which make 
recombinant adenoviruses potentially powerful gene 

10 delivery vectors have been extensively reviewed [Berkner, 
Biotechnigues 6: 616-629, (1988) and Kozarsky & Wilson, 
Curr. Opin. Genet. Dev. 3: 499-503, (1993)]. Briefly, 
recombinant adenoviruses can be grown and purified in 
large quantities and efficiently infect a wide spectrum 

15 of dividing and non-dividing mammalian cells in vivo. 

Moreover, the adenoviral genome may be manipulated with 
relative ease and accommodate very large insertions of 
DNA. 

The first generation of recombinant adenoviral 
20 vectors currently available have a deletion in the viral 
early gene region 1 (herein called El which comprises the 
Ela and Elb regions from genetic map units 1.30 to 9.24) 
which for most uses is replaced by a transgene. A 
transgene is a heterologous or foreign (exogenous) gene 
25 that is carried by a viral vector and transduced into a 

host cell. Deletion of the viral El region renders the 
recombinant -adenovirus defective for replication and 
incapable of producing infectious viral particles in the 
subsequently infected target cells [Berkner, 
30 Biotechnigues 6: 616-629 (1988)]. The ability to 

generate El -deleted adenoviruses is based on the 
availability of the human embryonic kidney packaging cell 
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line called 293. This cell line contains the El region of 
the adenovirus which provides the El region gene products 
lacking in the El -deleted virus [Graham, et al, J . Gen 
Virol. 36: 59-72, (1977)]. However, the inherent flaws of 
5 current first generation recombinant adenoviruses have 

drawn increasing concerns about its eventual usage in 
patients. Several recent studies have shown that El 
deleted adenoviruses are not completely replication 
incompetent [Rich, Hum. Gene. Ther. 4: 461-476 (1993) and 

10 Engelhardt, et al, Mature Genet. 4: 27-34 (1993)]. Three 

general limitations are associated with the adenoviral 
vector technology. First, infection both in vivo and in 
vitro with the adenoviral vector at high multiplicity of 
infection (abbreviated m.o.i.) has resulted in 

15 cytotoxicity to the target cells, due to the accumulation 

of penton protein, which is itself toxic to mammalian 
cells [(Kay, Cell Biochem. 17E: 207 (1993)]. Second, 
host immune responses against adenoviral late gene 
products, including penton protein, cause the 

2 0 inflammatory response and destruction of the infected 

tissue which received the vectors [Yang, et al, Proc. 
Natl, Acad. Sci. USA 91: 4407-4411 (1994)). Lastly, host 
immune responses and cytotoxic effects together prevent 
the long term expression of transgenes and cause 

2 5 decreased levels of gene expression following subsequent 

administration of adenoviral vectors [Mittal, et al, 
Virus Res. 28*: 67-90 (1993)]. 

In view of these obstacles, further alterations in 
the adenoviral vector design are required to cripple the 

30 ability of the virus to express late viral gene proteins, 

decreasing host cytotoxic responses and the expectation 
of decreasing host immune response. Engelhardt et al 
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10 



15 



20 



25 



30 



recently constructed a temperature sensitive (ts) 
mutation within the E2A-encoded DNA-binding protein (DBP) 
region of the El-deleted recombinant adenoviral vector 
[Engelhardt, et al. Proc. Natl. Acad. Sci. USA 91: 6196- 
6200 (1994) 1 which fails to express late gene products at 
non-permissive temperatures in vitro. Diminished 
inflammatory responses and prolonged transgene expression 
were reported in animal livers infected by this vector 
(Engelhart. et al 1994) . However, the ts DBP mutation 
may not give rise to a full inactive gene product in 
vivo, and therefore be incapable of completely blocking 
late gene expression. Further technical advances are 
needed that would introduce a second lethal deletion into 
the adenoviral El-deleted vectors to completely block 
late gene expression in vivo. Novel packaging cell lines 
that can accommodate the production of second (and third) 
generation recombinant adenoviruses rendered replication- 
defective by the deletion of the El and E4 gene regions 
hold the greatest promise towards the development of safe 
and efficient vectors for human gene therapy. The 
present invention provides for such packaging cell lines 
and resultant mutant viruses and recombinant viral 
vectors (for example, adenoviral or AAV-derived) carrying 
the transgene of interest. 

fft Ufmx* <w ™! TMVKNTIOH 

Accordingly, the present invention generally aims to 
provide an improved adenoviral vector system to obviate 
the difficulties found in using the first generation 
adenoviral vectors currently available by providing 
second and third generation viral vectors deleted of at 
least two early region DNA sequences, and that are 
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capable of delivering foreign, therapeutic or transgenes 
to somatic cells . 

In particular, the present invention provides for 
second and third generation recombinant adenoviral 
5 vectors (adenoviruses) harboring at least two lethal 

deletions, namely, the El and E4 early region genes. 
Optionally, this vector may also be deleted of the E3 
early gene region. More particularly, this recombinant 
viral vector carries a transgene , for example, the (S- 

10 galactosidase gene, introduced into either the El or E4 

regions- In a more particular embodiment, the recombinant 
adenoviruses may contain a therapeutic gene that replaces 
the El or E4 regions (or optionally the E3 region) , and 
the therapeutic gene is expressed and/or transcribed in a 

15 targeted host cell. 

Another object of the present invention is to 
provide a novel packaging cell line which complements 
functions of the El, E4 and optionally the E3 gene 
regions of a defective adenovirus deleted of the El, E4 

20 and optionally E3 regions, thereby allowing the 

production of the above described second generation 
recombinant adenoviral vectors deficient of the El, E4 
and optionally, the E3 DNA regions. The preferred 
packaging cell line derived from human embryonic kidney 

25 cells (293 cell line) contains the adenovirus El and E4 

gene regions integrated into its genome. In a particular 
embodiment, Jthe packaging cell line is identified herein 
as 293-E4 and deposited on August 30, 1994, with the 
American Type Culture Collection (ATCC) , 12301 Parklawn 

30 Drive, Rockville, Maryland, under the Budapest Treaty, 

and has there been designated ATCC # CRL 11711. 

Another object of the present invention is to 
provide a novel packaging cell line which complements 
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functions of the El, E4 and optionally the E3 gene 
regions of a defective adenovirus deleted of the El, E4 
and optionally E3 regions, thereby allowing the 
production of the above described second generation 
5 recombinant adenoviral vectors deficient of the El, E4 

and optionally, the E3 DNA regions. The preferred 
packaging cell line derived from human embryonic kidney 
cells (293 cell line) contains the adenovirus El and 
m inim um essential ORF6 region of Ad5 E4 gene integrated 

10 into the 293 cell genome. In a particular embodiment, the 

packaging cell line is identified herein as 293-ORF6 and 
deposited on October 25, 1995 with the American Type 
Culture Collection (ATCC) , 12301 Parklawn Drive, 
Rockville, Maryland, under the Budapest Treaty, and has 

15 there been designated ATCC # 

Another object of the present invention is to 
provide a novel packaging cell line which complements 
functions of the El, E2A and optionally the E3 gene 
regions of a defective adenovirus deleted of the El, E2A 

20 and optionally E3 regions, thereby allowing the 

production of the above described second generation 
recombinant adenoviral vectors deficient of the El, E2A 
and optionally, the E3 DNA regions. The preferred 
packaging cell line derived from human embryonic kidney 

25 cells (293 cell line) contains the adenovirus El and E2A 

gene regions integrated into the 293 cell genome. 

Another, object of the present invention is to 
provide a novel packaging cell line which complements 
functions of the El, E2A, E4 and optionally the E3 gene 

30 regions of a defective adenovirus deleted of the El, E2A, 

E4 and optionally E3 regions, thereby allowing the 
production of the above described second and third 
generation recombinant adenoviral vectors deficient of 
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the El, E2A, E4 and optionally, the E3 DNA regions. The 
preferred packaging cell line derived from human 
embryonic kidney cells (293 cell line) contains the 
adenovirus El, E2A and E4 gene regions integrated into 
5 the 293 cell genome. 

Another object of the present invention is to 
provide a plasmid used to introduce the E4 region into 
the 293 cells. The bacterial plasmid comprises the 
adenovirus E4 region devoid of the E4 promoter and 

10 substituted with a cellular inducible hormone gene 

promoter that is regulated by a CRE binding protein such 
as a-inhibin, (3-inhibin, a-gonadotrophin, cytochrome c, 
cytochome c oxidase complex (subunit IV) and glucagon. 
The E4 gene region is operably linked to the CREB 

15 promoter in the plasmid provided above. In a particular 

embodiment, the plasmid comprises the adenovirus 
described above and a mouse alpha (oc)-inhibin promoter 
which is identified as pIK6 . 1 MIP(a)-E4 and deposited at 
the ATCC on August 30, 1994, under the Budapest Treaty, 

20 and has there been designated ATCC #75879. 

Yet another object of the present invention is to 
provide a plasmid that introduces the minimal essential 
E4 gene region, open reading frame 6 (ORF6) region, into 
the 293 cells. The bacterial plasmid comprises the 

25 adenovirus ORF6 fragment of the E4 gene region devoid of 

the E4 promoter and substituted with a cellular inducible 
hormone gene, promoter that is regulated by a CRE binding 
protein such as a-inhibin, (J-inhibin, a-gonadotrophin, 
cytochrome c, cytochome c oxidase complex (subunit IV) or 

30 glucagon. The ORF6 gene fragment is operably linked to 

the CREB promoter in the plasmid provided above. In a 
particular embodiment, the plasmid comprises the 
adenovirus ORF6 fragment and a mouse a-inhibin promoter 
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which is identified as pIK6.1 MIP(a)-ORF6 and deposited 
at the ATCC on October 25, 1995 under the Budapest 
Treaty, and has there been designated ATCC #. . . . 

Yet another object of the present invention is to 
5 provide a plasmid that introduces the adenovirus 5 E2A 
gene that encodes the adenovirus DNA binding protein 
(DBP) into the 293 cells. The bacterial plasmid 
comprises the adenovirus E2A gene region devoid of the 
E2A promoter and substituted with a cellular inducible 

10 hormone gene promoter that is regulated by a CRE binding 
protein such as a-inhibin, p-inhibin, a-gonadotrophin, 
cytochrome c, cytochome c oxidase complex (subunit IV) or 
glucagon. The E2A gene fragment is operably linked to the 
CREB promoter in the plasmid provided above. In a 

15 particular embodiment, the plasmid comprises the 

adenovirus E2A gene and a mouse a-inhibin promoter which 
is identified as pIK6.1 MIP(a)- E2A and deposited at the 
ATCC on October 25, 1995 under the Budapest Treaty, and 
has there been designated ATCC # . . . . 

20 Yet another object of the present invention is to 

provide a method of infecting a mammalian target cell 
with the above-identified second or third generation 
recombinant viral vectors that carry transgenes for in 
vivo and ex vivo gene therapy. 

25 



30 
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BRIEF DESgRIPTION OF THE DRAWINGS 

Figure 1 depicts the construction of the pIK.6.1 MIP{a)- 
E4 plasmid, as described in Example 1, infra. 

5 

Figure 2 depicts the construction of the ADV-fS-gal 
plasmid, as described in Example 1, infra. 

Figure 3 (A) -(E) are illustrations and the Southern 

10 analysis of 293-E4 ceil lines as described in Example 3, 

infra. (A) The restriction patterns of the introduced 
MIP(or)-E4 and the probes used in Southern blots are 
depicted in this illustration. The solid arrow 
represents the mouse oc-inhibin promoter region. The open 

15 box represents the full length of the E4 region. The 

mouse inhibin probe is the 283 bp PCR product described 
in Example 1. The E4 probe is the Sma I H fragment (m.u. 
92 to 98.4) . Restriction enzyme sites are abbreviated as 
follows: H, Hind III; S, Sfi I; N, Nco I. (B) DNA was 

20 digested with Hind III and Sfi I and hybridized to the E4 

probe. (C) DNA was digested with Nco I and hybridized to 
the E4 probe. (D) The E4 probe was stripped from Hind 
III and Sfi I digestion blot and the DNA was reprobed 
with the inhibin promoter probe. (E) The inhibin probe 

25 was washed off from the Hind III and Sfi I digestion blot 

and DNA was reprobed with the El probe which is a Hind 
III E fragment from m.u. 7.7 to m.u. 17.1. 

Figure 4 A- J are photographs showing the cytopathic 
30 effect of H5dll014 on W162, 293 and 293-E4 cell lines in 

the presence or absence of cAMP, as described in Example 
10, infra. Parental 293 cells are represented in panels 
A-D; 293 -E4 cells are represented in panels E-G and W162 
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cells are represented in panels H-J. The cells without 
infection are shown in panels A, E and H. The cells 
infected with H5dll014 without an addition of cAMP are 
shown in panels C, F and I and the cells infected with 
5 H5dll014 with an addition of ImM cAMP are shown in panels 

D,G and J. Panel B represents 293 cells with a mock 
infection and an addition of ImM of cAMP. 

Figure 5 depicts the construction and the structure of 
10 recombinant viruses AdSMEl ( 3-gal) AE4 and Ad5/AEa(fJ- 

gal)AE3, as described in Example 5, infra. 

Figure 6 illustrates the restriction enzyme analysis of 
recombinant viruses, as described in Example 5, infra. 

15 

Figure 7 represents the Northern analysis of transcripts 
in Hela cells infected with recombinant adenovirus 
vectors. Total RNA was isolated at 4, 24 and 48 hr post- 
infection. Panel A is the transcripts identified by 

20 hybridizing to a "P-labeled the 3-gal DNA probe. Panel B 

is the transcripts hybridized with the Ad5 E4 probe. 
Panel C is the transcripts detected by hybridizing to the 
Ad5 L3 region DNA probe . Panel D is the transcripts 
probed with the radioactive labeled L5 region PCR 

25 product. 

Figure 8 represents the ethidium bromide stained agarose 
gel of the RT-PCR products as described in Example 15. 
infra . 



30 



Figure 9 represents a Southern blot analysis of the L3 
reverse transcription polymerase chain reaction (RT-PCR) 
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products* The RT products from the +RT reaction mixtures 
were run on the agarose gel, transf erred to nylon 
membrane and then probed with the end labeled oligomer 
hybridizing to the internal sequence of the L3 RT-PCR 
5 products . 

Figure 10 illustrates the construction of the ORF-6 E4 
plasmid t as described in Example 18, infra. 

10 Figure 11 (A) is a diagramatic restriction pattern of 

pIK6 . IMIP(a) -ORF6 plasmid. The plasmid pIK6 . 1MIP (a) -ORF6 
contains 910 bp PCR product of adenovirus 5 E4-ORF6 
coding sequence from nuleotide sequence 1876 to 2756 from 
right end of the viral genome which is under the control 

15 of the mouse a inhibin promoter. The open arrow 

represents the mouse a inhibin promoter region. The 
cross-hatching box represents the ORF6 coding region. The 
ORF6 probe is the PCR product. Restriction enzyme sites 
are abbreviated as follows: H, Hind III; X, XmnI . Figure 

20 11 (B) represents a Southern blot of 293-ORF6 cell lines 

probed with the ORF6 probe (lower photograph) . The same 
blot was rehybridized with the El probe (top photograph) 
which is a Hind III E fragment from m.u. 7.7 to m.u. 
17.1. 

25 

Figure 12 illustrates the construction of the 
pIK6.1MIP(a) T E2A plasmid. 

Figure 13 depicts the construction of the plasmid 
3 0 comprising DNA sequences that transcribe the virus - 

associated RNA gene region. 
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Pg TAT LED DESCRIPTION OF TVTR INVENTION 

One strategy designed to circumvent the problems 
associated with current early region-deleted adenoviral 
5 vectors is to introduce a second essential gene region 

deletion into the adenoviral vector. Several adenovirus 
early gene region transformed cell lines which support 
the growth of El, E2A or E4 mutant virus growth, 
respectively, have been established [Grahan, et al, J . 
10 Gen Virol. 36: 59-72 (1977), Weinberg, et al, Proc. Natl. 

Acad. Sci. USA 80: 5383-5386 (1983) and Brough, et al, 
Virology 190: 624-634 (1992)]. However, no cell line 
offers the functions of two gene regions simultaneously 
and at permissive temperatures. Establishing such a cell 
15 line which possesses the capability to complement the El 

and a second essential gene region function in trans 
(eg., E4), and the capacity to function as a packaging 
cell line for the propagation of recombinant viral 
vectors containing such double (or possibly triple or 
20 quadruple) deletions, may eliminate the drawbacks of the 

first generation adenoviral vectors currently available. 

Studies of the adenovirus early region (ER) gene 
functions have shown that the deletion of the E4 region 
results in a failure to accumulate viral late 
25 transcripts; a reduction in viral late protein synthesis; 

a defective viral particle assembly and a failure to 
inhibit host- protein synthesis at the late infection 
stage [Sandler, et al, J. Virol. 63: 624-630 (1989), 
Bridge & Ketner, Virology 174: 345-353 (1990), Ross & 
30 Ziff, J. Virol. 66: 3110-3117 (1992), Bridge, et al, 

Virology 193: 794-801 (1993), and Bett, et al, J. Virol. 
67: 5911-5921 (1993)]. Dual removal of the El and E4 gene 
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regions from the recombinant adenovirus vectors may 
therefore dramatically minimize or eliminate the 
pathogenic effects of direct cytotoxicity to the targeted 
cells and inflammatory responses in the human body. The 
5 E4 deletion in a second generation recombinant adenoviral 

vector would provide the additional benefit of increasing 
the capacity of this vector system to accommodate human 
gene inserts as large as 10 kb. 

In one aspect of the present invention, the 

10 successful establishment of a novel packaging cell line 

which supports the growth of both the El and E4 deletions 
in El and E4 deficient adenoviruses has been 
demonstrated. Since one of the E4 gene products [294R 
protein of open reading frame (ORF) 6] in association 

15 with the Elb gene product (496R protein) has a function 

of inhibiting cellular mRNA transport resulting in the 
cessation of cellular protein synthesis (Bridge & Ketner, 
1990), the overexpression of the E4 gene region would be 
expected to ultimately result in cell death. A major 

20 obstacle to the introduction of the E4 gene region into 

293 cells has been overcome, i.e., the trams activation 
of the Ela gene product in the parental 293 cells which 
causes the overexpression of the E4 genes which would 
otherwise result in cell death. In the present invention, 

25 the E4 promoter is replaced with a cellular inducible 

hormone gene promoter, namely, a gene that is regulated 
by a nuclear, factor called CRE binding protein (CREB) . 
Particularly, the promoter that replaces the E4 promoter 
is chosen from the CREB regulated gene family such as a- 

30 inhibin, beta (3) -inhibin, a-gonado tropin, cytochrome c, 

cytochrome c oxidase complex (subunit IV), glucagon, etc. 
listed in Table I on page 15695 in Kim, et al, J. Biol 
Chem., 268: 15689-15695 (1993). In a pref err d 

13 
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embodiment, the CREB regulated gene promoter is a 
mammalian a-inhibin, most preferably, mouse a-inhibin. 

- ' " In this instance, a 165 base pair sequence of the mouse 
inhibin promoter region has been shown to drive the 
5 heterologous gene expression at a low basal level and 

increase the levels of heterologous gene expression in 
response to the induction of cAMP or adenylic cyclase 
activators [Su & Hsueg, Biochem. and Biophys. Res. 
Common. 186, 293-300 (1992)]. An 8 bp palindromic 

10 sequence called cAMP response element (CRE) is 

responsible for this inductory effect and has been 
identified within the inhibin promoter region. In fact, 
all adenovirus early gene promoters contain the CRE- like 
element which renders these early genes responsive to the 

15 induction of cAMP [Jones, et al, Genes Dev. 2: 267-281 

(1988)]. It is clear that Ela trans activation and the 
cAMP enhancement act on adenovirus early genes via 
independent mechanisms [Leza & Hearing, J\ Virol. 63: 
3057-3064 (1989) and Lee, et al, Mol . Cell. Biol. 9: 

20 4390-4397 (1989) ] . The replacement of the E4 promoter 

with the mouse a-inhibin promoter uncouples the Ela 
trans-activation from the cAMP induction on the E4 gene. 
In the present invention, a full length sequence of the 
E4 region is introduced into the 293 cells whereby the 

25 cAMP induction is still effective in inducing E4 gene 

expression in the transformed cells in a controlled 
manner. It should also be noted that this novel 293 -E4 
packaging cell line may also rescue (supports the growth 
of) adenoviruses containing the E3 deletion in addition 

30 to the El and E4 deletions because the deletion of the E3 

region will not affect the viability of the virus. 
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In accordance with the present invention, bacterial 
plasmids are prepared using standard cloning procedures 
and starting materials described in Finer, et al 1994 and 
Finer et al WO 94/29438. The parental plasmid pIK6.1 
5 MMSV-E4 (AE4pro) is derived from pIK6 . 1 . MMSVNhe (Finer et 

al WO 94/29438) and contains the full length sequence of 
the adenoviral E4 region except for the absence of the E4 
promoter which is substituted with the MMSV promoter. 
Using cloning techniques well known in the art, the MMSV 

10 promoter is replaced with one of the CREB regulated 

promoters described above. In a preferred embodiment, the 
promoter that is operably linked to the adenoviral E4 
promoterless gene region is mammalian alpha inhibin, most 
preferably, derived from the mouse. The resulting 

15 preferred plasmid is designated pIK6 . 1 MIP<a)-E4 and 

deposited at the ATCC, Rockville, MD under the terms of 
the Budapest Treaty as ATCC #75879. The plasmids 
containing the CREB regulated promoters operably linked 
to the adenoviral E4 gene fragment, ORF6 or adenoviral 

20 E2A gene was constructed using the above pIK6 . 1 MIP(a)-E4 

plasmid as the starting material. The promoterless E4 
region was replaced with a PCR product of the ORF6 
fragment of the E4 gene or E2A gene region to construct 
the pIK6.1 MIP(a)-ORF6 and pIK6.1 MIP(oc)-E2A plasmids 

25 that are operably linked to a-inhibin promoter. Plasmids 

were deposited at the ATCC, Rockville, MD having the 
chararacterigtic features of the above described ORF6 and 
E2A plasmids operably linked to mouse (a) -inhibin having 
ATCC # and ATCC # , respectively. In accordance to 

30 the present invention, one may use any of the CREB 

regulated promoters in substitution of the inhibin 
promoter and achieve similar results when the plasmid is 
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transfected into the packaging cell lines described 
below. 

The novel 293 -E4 packaging cell lines were stably 
transformed by the E4 region and displayed the same 
5 morphology and the growth rate as parental 293 cells. 

This indicates that the low level of E4 gene expression 
under the control of the mouse a-inhibin promoter does 
not cause extensive inhibition of host cell protein 
synthesis. The mutknt adenovirus, H5dll014 {Bridge, et 

10 al. Virology 193: 794-801 (1993)], was used to examine 

the complementing activity of the above described 293-E4 
packaging cell line because it carries lethal deletions 
in the E4 region and can only grow in W162 cells (Bridge, 
& Ketner, 1989). The W162 cell line is a Vero (monkey 

15 kidney) cell line transformed by adenovirus E4 DNA and 

complements the growth of E4 deletion adenoviruses. The 
H5dll014 virus has been shown to produce markedly reduced 
levels of DNA and failed to synthesize late protein due 
to an intact ORF 4 [Bridge, et al, (1993)] in its mostly 

20 deleted E4 region. Cell lines were found that produced 

the H5dll014 virus at comparable titers to that produced 
in W162 cells (See Table IV, Groups 1 and 2 in Example 
11, infra) . 

In another embodiment, the present invention relates 
25 to novel recombinant adenoviruses or mutant adenoviruses 

produced by the novel packaging cell lines of the present 
invention. As described herein, the term "recombinant 
adenovirus" or -recombinant adeno-associated virus" (also 
known as recombinant viral vectors in the art) refers to 
30 a virus wherein the genome contains deletions, insertions 

and/or substi tut ions of one or more nucleotides, and the 
virus further carries a transgene. The term "mutant 
virus" refers herein to a particular virus, for example 
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adenovirus and AAV, wherein the genome contains 
deletions, insertions and/or substitutions of one or more 
nucleotides; however no transgene is carried in the 
mutant virus . In one particular aspect of this 
embodiment, the novel 293-E4 packaging cell lines 
described above are used to generate a second generation 
of recombinant virus called Ad5MEl (fJ-gal) AE4. Although 
the 293 -E4 packaging cell line contains the adenoviral 
serotype 5 El and E4 gene regions, other serotypes of 
mutant and recombinant adenoviruses, for example, 
serotype 2, 7 and 12, may be rescued due to the high 
degree of structural and functional homology among the 
adenoviral serotypes. Moreover, mutant and recombinant 
adenoviruses from serotypes other than serotype 5 may be 
15 rescued from the other novel adenoviral packaging cell _ 

lines of the present invention described infra. 

In vitro studies demonstrate that the infection of , 
the novel recombinant adenovirus vectors of the present 
invention in non-permissive human cells show no 
20 cytopathic effects and the efficiency of the transgene 

expression, is at levels comparable to conventional El- 
deleted viruses. It is expected that the host immune 
responses and inflammatory reactions at the sites 
infected with novel second generation recombinant 
25 adenoviruses of the present invention will be reduced 

compared to the first generation recombinant adenoviruses 
currently ayailable. The establishment of the dual 
complementing packaging cell line of the present 
invention marks a significant event in. the evolution of 
safer and more effective gene transfer adenoviral 
vectors. The method used in the construction of the 293- 
E4 cell lines of the present invention is of general 
utility in the production of other packaging cell lines 
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which contain additional adenoviral regions which 
complement further deletions of the adenoviral vectors of 
the present invention or in the construction of other 
viral vectors . 

5 Thus, in another embodiment, the present invention 

relates to novel adenoviral packaging cell lines that can 
rescue deletions in addition to El, E4 and optionally E3 
by the methods described above. In this example, an 
adenoviral vector packaging cell line which can rescue 

10 the E2A mutation or deletion, in addition to the El, E3 

and E4 deletions, was constructed starting with the novel 
packaging cell line described above, namely the 293-E4 
packaging cell line. The E2A gene product is a 
regulatory protein, specifically, a DNA binding protein. 

15 This gene may be introduced into the 293-E4 packaging 

cell line by placing the E2A gene under the control of an 
inducible promoter operably linked to the E2A gene in a 
similar manner as described above. The inducible 
promoter may be selected from the same family of CREB 

20 regulated genes described above used to replace the E2 

gene promoter. 

In yet another embodiment, the present invention 
relates to an adenoviral vector packaging cell line that 
may rescue the adenovirus recombinant virus containing 

25 the minimum essential cis-elements (inverted terminal 

repeats (ITRs) and packaging signal sequence) [Hering, et 
al, Virol. 61: 2555-2558 (1987)] and protein IX sequence 
[Ghosh-Choudury, et al, EMBO J. 6: 1733-1739 (1987)'] 
only. This cell line may be established by introducing 

30 the adenovirus DNA sequence from around m.u. 11.2 to 

approximately 99 into the novel 293-E4 cell line 
described above. A plasmid carrying the above adenovirus 
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DNA sequence may be constructed and transfected into the 
293 cells- This DNA sequence represents the sequence from 
after Elb gene to the 3 ' end of the viral structural gene 
[Sanbrook, et al. Cold Spring Harbor Symp. Quant. Biol. 
5 39: 615-632 (1974); Ziff & Evans, Cell 15: 1463-1476 

(1978)]. The introduced adenovirus sequence contains 
viral structural genes and almost the entire functional 
gene regions except Ela and Elb. Because the 
constitutive expression or overexpression of viral gene 

10 products are very toxic to the cells, the introduced 

adenoviral DNA may be manipulated to replace adenoviral 
native promoters with heterologous promoters. For 
example, the early gene regions which encode viral 
regulatory proteins may be placed under the control of 

15 the CREB regulated promoters, which have about 2 to 10 

fold induction efficiency- In the case of the gene 
region that encodes viral structural proteins, the native 
major late promoter may be replaced by a tightly 
controlled exogenous promoter such as the tetracycline- 

20 responsive promoter which has an induction level up to 

about 10 s fold in the presence of tetracycline [Manfred & 
Hermann, PNAS 89: 5547-5551 (1992)]. 

In another embodiment, the present invention relates 
to novel adenoviral-associated (AAV) packaging cell lines 

25 prepared in the following manner. The novel 

complementing cell line contains the Ela, Elb, E2A, and 
E4 gene regions and the DNA sequence encoding virus - 
associated RNA. This cell line may be constructed by 
introducing the adenovirus DNA sequence encoding the 

30 virus-associated RNA (around 600 NTs from m.u. 28-30) 

[Mathews, Cell 6: 223-229 (1975) and Petterson & 
Philipson, Cell 6: 1-4 (1975)] into the novel 293-E4 
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packaging cell line constructed above that rescues the El 
and E4 deletions, the E2A mutation of adenovirus and 
optionally E3 . The wild type AAV produced from this 
packaging cell line will be free of helper adenovirus. 
5 The recombinant adeno-associated virus or mutant AAV will 

only contain the minimal essential cis-elements and will 
be generated by co-transf ecting a non-packaging 
complementing AAV plasmid which is defective for 
packaging but supplies the wild type AAV gene products 

10 [Samulski et al, J. Virol. 61: 3096-3101 (1987)]. 

Moreover, the recombinant adeno-associated viral vectors 
or mutant AAV rescued from this cell line will be free of 
helper viruses, i.e., adenoviruses. 

In another embodiment, the present invention relates 

15 to yet another novel AAV packaging cell line constructed 

by starting with the AAV packaging cell line described 
above. This packaging cell line contains the Ela, Elb, 
E2A and E4 gene regions, the DNA encoding virus - 
associated RNA and additionally, the AAV virus 

20 replication (rep) gene regions. The rep gene region 

encodes at least four replication (Rep) proteins that are 
essential for AAV DNA replication and trans-regulation of 
AAV gene expression [{for review, see Bervis & 
Bolienzsky, Adv. Virus Res. 32: 243-306 (1987)]. It is 

25 constructed by introducing the AAV rep gene region into 

the AAV packaging line described above that already 
contains the. El, E2A, E4 gene regions and DNA sequences 
encoding the virus -associated RNA in the manner that 
replaces the P5 promoter [(Yang, et al, J . Virol. 68: 

30 4847-4856 (1994)] with an inducible promoter chosen from 

the CREB regulated gene family described previously. The 
novel AAV virus and its recombinant virus rescued from 
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the cell line will be free of helper viruses 
(adenoviruses) and is Rep- [Muzyczka, Curr. Top. 
Microbiol. Immunol. 158: 97-129 (1992)]. 

In another embodiment, the present invention relates 
5 to another novel AAV packaging cell line constructed by 
starting with the AAV packaging cell line described in 
the previous paragraph. This packaging cell line 
contains the Ela, Elb, E2A, E4 gene regions, the DNA 
en cod in g the virus -associated RNA, the AAV virus 

10 replication (rep) gene region, and additionally the AAV 

cap gene region. The cap gene region encodes a family of 
capsid proteins, i.e., VP1, VP 2 and VP3 [Janik, et al, J". 
Virol. 52: 591-597 (1984)]. The synthesis of all three 
mRNAs are started from a single promoter called P40 

15 [Janik, et al, (1984)]. This gene region will be 

introduced into the AAV packaging cell line described 
above by replacing the P40 promoter with an inducible 
promoter selected from either the CREB regulated 
promoters or the tetracycline responsive promoter. The 

20 novel AAV virus and its recombinant virus rescued from 

the cell line will be free of helper viruses 
(adenoviruses) and only contain the minimal essential 
cis-elements [Muzyczka, Curr. Top. Microbiol. Immunol. 
158: 97-129 (1992) ] . 

2 5 In yet another embodiment, the present invention 

provides a particular second generation packaging cell 
line for the- propagation of both El and E4 deleted 
vectors and viruses. This line has been establisheed by 
the introduction of the minimum essential E4 gene region, 

30 open reading frame 6 (ORF6) region, driven by the mouse 

a-inhibin promoter and provides the same function as the 
cell line designated 293-E4 described above. It is 
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expected that the use of this packaging cell line for the 
production of El, E4 and double -dele ted recombinant 
adenoviral vectors will eliminate the problem of any 
possible homologous recombination event in the E4 region. 
5 Thus, the expansion and passage of purified stocks of 

E1/E4 deleted recombinant adenovirus, for example, should 
be absolutely free of any contamination by replication- 
competent adenovirus (RCA) particles. The strategy of 
creating this safer duel packaging cell line was to 

10 introduce a 910-bp DNA fragment which only comprises the 
ORF6 coding region (Ad5 nuleotides 1876-2756 from right 
end of the genome) into 293 cells instead of a full 
length of the E4 gene region. There are many existing E4 
deletion mutant viruses. Those displaying a severe 

15 defective phenotype are all with E4 deletions extending 
substantially beyond the region of the ORF6. For 
example, some of these deletions are as follows: NTs 575 
to 2845 as the boundary of the two deletions within the 
E4 region of the H5dll014; same endpoints of the deletion 

20 in the H5dl366; from 932/937 to 2942/2946 within tandem 

repititions sequences of the H2dl808; and from 981 to 
2845 in the H5dll004. Due to lack of overlapping 
sequences between the integrated ORF6 DNA fragment and a 
recombinant adenovirus vector which carries a large E4 

25 region deletion, the repairment of the E4 deletion 

through homologous recombination becomes essentially 
zero . 

Previous reports have indicated that either the 0RF3 
or ORF6 gene fragment alone is sufficient to provide the 
30 E4 function necessary for normal adenovirus life cycle. 

It is believed that the ORF3 and ORF6 gene segments have 
redundant functions involved in viral DNA replication, 
late viral mRNAs transport and accumulation and host cell 
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" shut off. Although other ORFs of the E4 region have 
important regulatory roles in the multiplication of the 
virus, they are dispensible. To confirm that the provided 
293-ORF6 cell lines of the present invention not only 
5 contain intact El and ORF6 DNA sequences but also possess 

the complementing activities of El and E4 functions, an 
El-deleted mutant virus, an E4-deleted mutant virus as 
well as the El /E4 -deleted recombinant virus were used 
to infect the 293-OR?6 cell lines. The titers of these 

10 viruses measured on individual 293-ORF6 monolayers were 

shown to be compatible to the titers measured on each 
virus' permissive cell line. Therefore, the 293-E1/ORF6 
packaging cell line of the present invention not only 
meets the safety requirment for use in human subjects but 

15 also efficiently produces El or E4 deletion mutant 

viruses, and double deleted E1/E4 viruses and vectors. 
This cell line has been deposited at the ATCC in 
Rockville, MD on October 25, 1995 and designated ATCC 

20 In another embodiment, the present invention 

provides for a 293-E2A packaging cell line that 
complements both the El and E2A gene functions in trans 
simultaneously . The human adenovirus 72 Kd DNA-binding 
protein (DBP) is important in the infectious cycle of the 

25 virus. At non-permissive temperature, the ts mutations 

within the DBP coding region (E2A region) inhibit viral 
DNA replication [Friefeld, et al, Virology 124: 380-389 
(1983)] and fail to regulate early gene expression in 
late stage of viral life cycle [Carter, et al, J . Virol. 

30 25: 664-674 (1978)]. Although the generation . of El- 

deleted, E2A-mutated (ts mutation) adenovirus vector does 
not require a special packaging cell line, the ts DBP 
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mutation may not give rise to a full inactive gene 
product in the temperature permissive i n v i vo condition 
[Engelhardt, et al, Proc. Natl. Acad. Sci. USA, 91: 6196- 
6200 (1994)]. A deletion within the indispensible 
5 region of the E2A gene (the gene region encoding the 

carboxyl- terminal protion of the DBP) is lethal to the 
adenovirus [Vos, et al, Virology 172: 634-642 (1989)] 
both in vitro and in vivo- To generate a recombinant 
vector containing both El and E2A gene region deletions, 

10 establishment of a complementation cell line becomes 

absolutely necessary. The present invention provides an 
adenoviral packaging system where recombinant adenoviral 
vectors and mutant adenoviruses are created. It is 
expected that the combination of the El deletion and E2A 

15 deletion of a recombinant adenovirus vector will result 

in complete replication- incompetence and safer to use in 
humans . 

In yet another embodiment, the present invention 
further provides for a triple packaging cell line that 

20 able to complement the functions of the adenoviral El, 

E2A and E4 gene regions in trans simultaneously. The 
recombinant adenovirus vector generated from this 
packaging cell line harbors three early gene region 
deletions which renders the packaged adenoviral vector 

25 absolutely safe for all human applications with the added 

benefit of extensive capacity for larger size transgene 

insertions . 

The present invention further provides the 
production of novel mutant viruses (particularly, 
30 adenoviruses and AAV) , and novel recombinant adenoviruses 

and AAV (also referred to herein as recombinant 



is 
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adenoviral -derived and AAV-derived vectors) containing a 
transgene which will be expressed in the target cells. 
The recombinant adenoviral -derived and AAV-viral vectors 
are prepared using the packaging cell lines described 
5 above which comprise one or more distinct nucleotide 

sequences capable of complementing the part of the 
adenovirus or AAV genome that is essential for the virus ' 
replication and which is not present in the novel 
recombinant adenoviral -derived and AAV-derived vectors. 
10 Recombinant adenoviral -derived and AAV-derived vectors 

will no longer contain genes required for the virus 
replication in infected target cells. More particularly, 
the recombinant adenoviral vectors will only contain the 
minimum essential cis-elements (i.e., ITRs and packaging 
15 signal sequence) and protein IX sequence, and be free of 

the El (specifically, Ela and Elb) and E4 regions, and 
may additionally be free of E3 and E2A regions and the 
viral structural genes. In the case of the recombinant 
AAV vectors, these vectors will contain deletions of the 
20 AAV virus Rep protein coding region or will only contain 

the minimal essential cis-elements. The latter will be 
generated from the AAV packaging cell line which contains 
the Ela, Elb, E2A and E4 gene regions, and the DNA 
encoding virus-associated RNA by co-transf ecting a non- 
25 packaging complementing AAV plasmid which is defective 
for packaging but supplies the wild type AAV gene 
products [Sajaulski, et al, (1987)]. 

The recombinant adenovirus -derived or AAV-derived 
vector is also characterized in that it is capable of 
30 directing the expression and the production of the 

selected transgene product (s) in the targeted cells. 
Thus, the recombinant vectors comprise at least all of 
the sequences of the adenoviral or AAV DNA sequence 
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essential for encapsidation and the physical structures 
for infection of the targeted cells and a selected 
transgene which will be expressed in the targeted cells . 
The transgene may be a therapeutic gene that will 
5 ameliorate hereditary or acquired diseases when expressed 

in a targeted cell by using gene transfer technology 
methods well known in the art. In one particular aspect, 
the therapeutic gene is the normal DNA sequence 
corresponding to the defective gene provided in Table I 

10 below, for example, the normal DNA sequence corresponding 

to LDL receptors and a 1- antitrypsin. In another aspect, 
the transgene may encode a cytokine gene, suicide gene, 
tumor suppressor gene or protective gene, or a 
combination thereof chosen from the list provided in 

15 Table II. If a cytokine gene is selected, the expression 

of the gene in a targeted cell may provide a treatment to 
malignancies by stimulating cellular immune responses 
which result in suppression of tumor growth and/or 
killing of tumor cells. If a suicide gene is chosen, the 

20 gene when expressed in the tumor cell will enable the 

tumor cell to be destroyed in the presence of specific 
drugs. For example, the thymidine kinase gene when 
expressed in tumor cells will enable the tumor to be 
destroyed in the presence of gancyclovir. 

25 m yet another embodiment, the transgene may encode 

a viral immunogenic protein that is utilized as a vaccine 
for preventipn of infectious diseases (See Table III) . 
Procedures for preparing and administering such vaccines 
are known in the art (see e.g., Estin, et al, Proc. Nat. 

30 Acad. Sci. 85:1052 (1988)). 

The present invention further relates to therapeutic 
methods for the treatment of hereditary and acquired 
diseases, cancer gene therapies, and vaccines for 
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prevention of infectious diseases. The transgene may be 
expressed under the control of a tissue specific 
promoter. For example, a suicide gene under the control 
of the tyrosinase promoter or tyrosinase related protein- 
5 1 promoter will only be expressed in melanocytes in the 

case of cancer therapy for melanoma [Vile & Hart, Cancer 
Res. 53: 962-967 (1993) and Lowings, et al, Mol. Cell. 
Biol. 12; 3653-3663 (1992)]. Various methods that 
introduce an adenoviral or AAV vector carrying a 

10 transgene into target cells ex vivo and in vivo have been 

previously described and are well known in the art. [See 
for example, Brody & Crystal, Annals of N.Y. Acad. Sci . 
716s 90-103, 1993]. The present invention provides for 
therapeutic methods, vaccines, and cancer therapies by 

15 infecting targeted cells with the recombinant adenoviral 

or AAV vectors containing a transgene of interest, and 
expressing the selected transgene in the targeted cell. , 

For example, in vivo delivery of recombinant 
adenoviral or AAV vectors containing a transgene of the 

20 present invention may be targeted to a wide variety of 

organ types including brain, liver, blood vessels, 
muscle, heart, lung and skin. The delivery route for 
introducing the recombinant vectors of the present 
invention include intravenous, intramuscular, 

25 intravascular and intradermal injection to name a few 

routes. (See also Table I in the Brody & Crystal article 
and the references cited.) 

In the case of ex vivo gene transfer, the 
target cells are removed from the host and genetically 

30 modified in the laboratory using AAV- vectors of the 

present invention and methods well known in the art 
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[Walsh, et al, PNAS 89: 7257-7261, (1992) and Walsh et 
al, Proc. Soc. Exp. Bio. Med. 204: 289-300 (1993)]. 

Thus, the recombinant adenoviral or AAV vectors 
of the invention can be administered using conventional 
modes of administration including, but not limited to, 
the modes described above. The recombinant adenoviral or 
AAV vectors of the invention may be in a variety of 
dosages which include, but are not limited to, liquid 
solutions and suspensions, microvesicles , liposomes and 
injectable or infusible solutions. The preferred form 
depends upon the mode of administration and the 
therapeutic application. 
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TABLE X 

Gene Therapy for Hereditary Disease 





Diseases 


Defective Genes 


Gene Products 


5 


Familial hypercholesterolemia 
(type 0 hvperlipidemias) 


LDL receptor 


LDL receptor 




Familial lipoprotein lipase 










Lipoprotein lipase 


Lipoprotein lipase 


- 








10 


Phenylketonuria 


Phenylalanine hydroxylase 


Phenylalanine hydroxylase 






Ornithine transcarbamvlase 


Ornithine transcarbamvlase 




Von Gierke's disease (glycogen 


G6Pase 


Glucose- 6- phosphotase 












Alpha 1 -antitrypsin deficiency 


Alpha I -antitrypsin 


Alpha 1 -antitrypsin 


15 


Cystic fibrosis 


Cystic fibrosis transmembrane 
conductant regulator 


Membrane chlorine channel 




Von Willebrand's disease and 


Factor Vm 


Clotting factor VITJ 














Factor IX 


Clottine factor DC 






Beta elobin 


Beta elobin 


20 




Beta elobin 


Beta elobin 






Alpha elobin 


Alpha elobin 






Spectrin 


Spectrin 




Severe combined immune 


Adenosine deaminase 


Adenosine deaminase 










25 




Dystrophin minieene 


Dystrophin 




Lesch*Nyhan syndrome 


Hypoxanthine guanine 
phosphohbosyl 
transferase (HGPRT) 


HGPRT 
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10 



TAB&E XX 
Cancer Gene Therapy 



15 



Cytokine Genes 



CFN-gamzna, IL-4. 
tnd granulocyte- 
macrophage colony 
stimulation factor 



Suicide Genes 



thymidine kinase, 
cytosine deaminase, 
diphtheria toxin, and 
TNF „ 



TUMOR 

suppressor 
Genes 

p53, Rb,andWM 



PROTECTIVE 

Genes 



multiple drag 
resistant 
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TABLE XIX 
Vaccine for Infectious Disease 



Diseases 


Vaccine 


Hepatitis 


HBV surface antigen 


HTV infection and AIDS 


HIV envelope proteins 


Rabies 


Rabies glycoproteins 



10 The following examples are presented to 

illustrate the present invention and are not intended in 
any way to otherwise limit the scope of this invention. 



EXAMPLES 

15 . . 

Example 1 
Construction of plasmids 
This example describes the construction of the 
plasmids used to introduce the E4 gene region into the 

20 293 cells. The constructed plasmids are diagrammatically 

represented in Fig. 1. The parental plasmid pIK6 . 1 MMSV- 
E4 (AE4 pro.) derived from the pIK6 , 1 MMSV enpoNhe(Hpa) 
[Finer, et al. Blood 83: 43-50, (1994)] contains the 
promoterless E4 region from 15 bp upstream of the 

25 transcription start site to 810 bp downstream of the E4 

polyadenylation site. The E4 gene is linked to the 
Moloney murine sarcoma virus U3 fragment. The pIKS.l. 
MIP(a)-E4 was constructed by ligation of a 238 bp 
fragment of the Hind III -Xbal PCR product of mouse alpha 

30 inhibin promoter [MIP(a)l (Su, & Hsueh, Biochem. and 

Biophys. Res. Common. 186: 293-300, 1992) with the 2.9 kb 
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Xbal-StuI fragment and the 3.9 kb Stu I-Hind III fragment 
of the PIK6.1 MMSV-E4 (E4 pro.). The primers used for 
PCR of the MIP (a) were 5'- 

gcgcaagcttcGGGAGTGGGAGATAAGGCTC-3 ' (SEQ ID NO:l) and 5'- 
5 ggcctctagaAGTTCACTTGCCCTGATGACA-3 ' (SEQ ID NO: 2). The 

sequences containing either the Hind III site or Xba I 
site in lower case are present to facilitate cloning. The 
cloned a-inhibin promoter was sequenced to verify the 
accuracy of the sequence. 

10 The plasmid ADV-3-gal used to generate 

recombinant adenoviruses was constructed as shown in Fig. 
2. The starting plasmid ADV-1 contains the left end of 
adenovirus 5 Xho I C fragment (m.u. 0-15.8) with a 
deletion from nucleotides 469-3326 (m.u. 1.3-9.24) on the 

15 backbone of PCR II (In Vitrogen. San Diego, CA) . A 

polylinker cassette was inserted into the deletion site. 
Several restriction sites at the left end of the 
adenovirus sequence can be conveniently used to linearize 
the plasmid. The resulting ADV-p-gal plasmid was 

20 constructed by insertion of a Bst Bl-Xba I fragment of 

the E. coli (5-galactosidase gene driven by the mouse pgk 
promoter into the ADV-1 compatible sites Spe I and Cla I 
in the El region and was later used to generate the 
recombinant virus . 



25 



30 



Transfprfr inn »nr> *r-1- i on of 293-E4 Cftl 1 lines 

This example describes the transfection and 
selection process employed to establish 293-E4 cell 
lines. The 293 cells, obtained from the American Type 
Culture Collection, ATCC #CRL 1573, were grown in 
Dulbecco's modified Eagle's medium (DMEM) , lg/L glucose 
(JRH Biosciences) , 10% donor calf serum (Tissue Culture 
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Biologies). Cells were seeded at 5x10 s per 10-cm plate 48 
hours prior to the transf ection experiment. Ten ug of 
pIK.MIP(a) -E4 and 1 ug of pGEM-pgkNeo . pgkpolyA 
containing the Neo r gene were co- transf ected into 293 
5 cells by calcium phosphate co-precipitation [Wigler, et 

al, Cell 57: 777-785 (1979)]. The transfected cells were 
split 1:20 in normal medium at 24 hours post- 
transf ection. After the cells were attached to the 
plate, the medium was changed to selective medium 

10 containing 1 mg/ml G418 (Sigma, St Louis, MO) . The cells 

were refed with fresh selective medium every 3 days for 
about 2-3 weeks. Isolated clones were picked, expanded 
. and maintained in the selective medium for 5-6 passages. 
The established 293 -E4 cell lines were routinely 

15 maintained in the normal medium. 

Example 3 

.qmifhPm fransfprs and hybridization 
Genomic DNA from 293 -E4 cell lines were 

20 digested with desired restriction enzymes and purified 

with phenol /chloroform. 10 ug of digested DNA were run 
on 0.8%-l% agarose gel and transferred to a nylon 
membrane (Zetabind, America Bioanalytical , Natick, MA) . 
DNA from the 293 -E4 cell lines were digested with 

25 restriction enzymes and analyzed. DNA from wild type 

adenovirus 5, pIK6.1 MIP(a)-E4 plasmid and parental 293 
cells were also digested with the same enzymes and used 
as controls. Restriction fragments of the E4 region, a- 
inhibin promoter sequence, and the El region were 

3 0 detected by hybridization to the appropriate 32 P- labeled 

probes and subsequent autoradiography. 
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Bvample 4 
Prpparatinn nf viral stocks 
W162 cells were grown in DMEM, 4.5g/L glucose 
5 and 10% CS. The W162 cell line is a Vero monkey kidney 

cell line transformed by adenovirus E4 DNA and supports 
the growth of E4 deleted adenovirus mutants [Weinberg, & 
Ketner, Prpc. Natl. Acad. Sci. USA 80: 5383-5386 (1983)]. 
The H5dll014 virus has been previously described in 

10 Bridge & Ketner, J. Virol. 63: 631-638, (1989). This 

adenovirus 5 virus strain has two deletions within the E4 
region and can only grow in W162 cells (Bridge, & Ketner 
1989) . Propagation and titration of H5dll014 virus were 
done on W162 cells. For evaluation of the production of 

15 H5dll014 virus from 293 -E4 cell lines of the present 

invention, the W162. 293 and 293-E4 cell lines were 
counted and plated in the 6-well plate at 1 x 10 5 /well and 
infected with H5dll014 at a multiplicity of infection 
(m.o.i.) of 50 plaque- forming units (p.f.u.) per cell. 

20 The viral stocks were prepared by harvesting the cells 

at 48 hr post-infection. The cells were precipitated and 
resuspended in 200 ul of serum free medium. The cell 
suspensions underwent 3 cycles of freeze and were thawed 
to release the viral particles from the cells. The cell 

25 debris was discarded by centrifugation. The titers of 
the virus produced from the infected cells were 
determined by plaque formation on monolayers of W162 
cells. 
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Example 5 
con gi-T-nr-r ion of rficombi nan t viruses 

5 The 293 cell line and 293-E4 cell line were 

plated in 10-cm plate at 2.5 x 10 6 /plate 48 hours before 
the experiment. One hour prior to the co-transf ection, 
cells were fed with 10 ml fresh medium. AdS/AEl (p-gal) AE3 
virus was made by co-transf ection of 10 ug of ADV-3-gal 

10 linearized by Bst BI with 4 ug of H5dl327 (Thimmappaya, 

et al, Cell 31: 543-551 1982) digested with Cla I. 
AdSMEl (p-gal) AE4 virus was generated by co-transf ection 
of 10 pg of Bst BI linearized ADV-(J-gal and 4 ug of Cla I 
digested H5dll014 on 293 -E4 cell lines by calcium 

15 phosphate precipitation technique. Twenty- four hours 

after co-transf ection, the medium was removed and the 
monolayers of the culture were overlaid with 10 ml DMEM 
medium containing 20 mM MgCl 2 , 5% of CS and 0.5% of noble 
agar (DIFCO Lab. Detroit, MI) . The plaques were picked 

20 and resuspended in 100 ul of PBS. • Diluted plaque samples 

were immediately subjected to 2 to 3 rounds of blue 
plaque purification. The blue plaque purification was 
carried out as a regular plaque assay except that the 
cultures were overlaid with a second layer of soft agar 

25 containing 1 mg/ml X-gal when plaques appeared. After 

incubation for 2 hours, plaques which contained the 
recombinant yirus carrying the (J-galactosidase gene were 
stained blue. The purity of the recombinant virus was 
determined by no contamination of white plaques. The 

3 0 purified plaques were expanded and the DNA of the lysate 

was analyzed (Fig. 6) as previously described [Graham & 
Prevec (1992)] . Adenoviral DNA was digested with Sma I 
and fractionated on 0.8% agarose gel. DNA samples of 
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H5dI1014 and the Ad5/AE1 (3-gal) AE3 viruses were extracted 
from CsCl gradient purified viral stocks. DNA of the 
Ad5 / AE1 ( (J-gal ) AE4 was extracted from the virus infected 
cells. 

5 

Kvamnle 6 
Hipt-nrhPmiral staining 
Forty-eight hours following recombinant viral 
infection with Ad5/AE1 ( (S-gal ) AE3 virus (El and E3 

10 deletion viruses) and Ad5/AE1 (13-gal) AE4 virus (El and E4 
deletion viruses) at 20 m.o.i. the monolayers of cells 
are washed once in PBS and fixed for 10 min. at room 
temperature with 0.5% glutaraldehyde (Sigma, St. Louis, 
MO) in PBS. The cells were washed three times with PBS 

15 containing 1 mM MgCl 2 and then stained with 5-bromo-4- 

chloro-3-indolyl-3, D-galactosidase (X-gal, Sigma) as 
previously described (Thimmappaya et al, 1982). The X- 
gal solution at 40 mg/ml in dimethyl formamide was diluted 
to 1 mg/ml in KC solution (PBS containing 5 mM K 3 Fe (CN) 6 , 

20 5 mM K,Fe (CN) 6 «3H 2 0). After staining, for 2 - 4 hours 

the cells were washed with H 2 0 and inspected under a light 
microscope . 



25 F.ynmn'lft 7 

ft-twlnr*-"*^ 1 "^ arrivir.v assay 
CeJ.ls were infected with either Ad5/AE1(&- 
gal)AE3 virus and Ad5/AE1 ( 3 -gal) AE4 virus at 20 m.o.i. 
assayed for enzyme activity as described in MacGregor, e 
30 al. Somatic Cell Mol. Genetic. 13: 253-264, (1987) with 
the following modifications. Cells in 6-well plate were 
washed with PBS twice and lysed in the well by addition 
of 200 ul of 2x Z buffer (lx Z buffer: 60 mM Na 2 PO4«7H 2 0, 
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40 mM NaH 2 PCVH 2 0, 10 inM KC1, 1 mM MgS0 4 ^7H 2 0) and 200 \il 
of 0.2% Triton X-100. After incubation at room 
temperature for 5-10 min, 100 \il of each sample was 
transferred to the 96-well microtiter plate. After 
5 addition of 50 yl of 2-nitrophenyl-3-D-galactopyranoside 

(2mg/ml) , the reaction was allowed to proceed for 5 min 
at room temperature and stopped by adding 50 \il of stop 
solution (1 M Na 2 C0 3 ) . Fluorescence was measured at 420 
nm on a microtiter plate reader (Molecular Devices Co. 
10 Menlo Park, CA) . 

Example 8 
mn^Tuct ^n of 291-F4 cell lines 
The purpose of introducing the Ad5 E4 gene 

15 region into 293 cells is that the derived cell line is 

able to package the recombinant adenoviruses containing 
two lethal deletions (El and E4) . The plasmid, 
Plk.MIP(a) -E4 carries the full length region of the Ad5 
E4 region from 15 bp upstream of transcription start site 

20 to 810 bp downstream of the polyadenylation site (Fig. 

1). The E4 gene region (m.u. 88.9 - 98.8) was directly 
linked to 23 8 bps of the mouse a-inhibin promoter 
containing the first 159 bps of the promoter region and 
5' untranslated region. This promoter sequence is 

25 required for basal expression (Su & Hseuh (1992)). 

Within this promoter region, there is a cyclic adenosine 
3', 5 1 -monophosphate (cAMP) response element (CRE) which 
allows an increased level of gene expression induced by 
either cAMP or adenylic cyclase activator [Paei, et al, 

30 Mol. Endocrinol. 5: 521-534 (1991)]. The pIK.MIP(a) -E4 

was introduced into 293 cells together with the pGEM- 
pgkNeo.pghpolyA which bears a neomycin resistant gene by 
calcium phosphate precipitation at a molar ratio 
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equivalent to 10:1. A total of 66 G418 resistant clones 
were picked for further analysis. 

Example 9 

5 identification of E4 transf ectants 

To examine the integration of the introduced 
adenovirus E4 region, genomic DNA from each clone was 
digested with either Hind III and Sfi I, or Nco I 
restriction enzymes and analyzed by Southern transfer. 

10 Fig. 3A shows a restriction map of the introduced a- 

inhibin-E4 region and corresponding regions of the E4 
probe (Sma I H fragment of Ad5) and the inhibin promoter 
probe. 17 clones out of a total of 66 presented the 
correct DNA patterns as predicted for a full length E4 

15 region DNA integration in the screen blots of both 

digestions. Other clones showed either no integration or 
integration with variable sizes of E4 region. Fig. 3B-3E 
represent the Southern blots of genomic DNA extracted 
from the 17 clones with full length integration and two 

20 clones which contains variable sizes of E4 region 

integration on the initial screening blots. The DNA was 
extracted after maintaining these 19 cell lines in the 
non-selective medium for more than 30 passages. As shown 
in Fig. 3B and 3C, 15 cell lines represent the 

25 characteristic 0.9 kb and 3.2 kb fragments in Hindlll/Sfi 

I digestion and 1.6 kb and 2.1 kb fragments in Nco I 
digestion. .There were no detectable E4 region sequences 
in two cell lines (lines 13 and 29) which had the same 
integration patterns as the other 15 lines in the 

30 screening blots, indicating an unstable integration event 

in these two lines. Lines 16 and 19 are examples of 
cell lines which retained the E4 gene region with 
variable restriction patterns. The 0.9 kb band of all 15 
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lines hybridized to the mouse inhibin promoter sequence 
in the Hind Ill/Sfi digestion (Fig. 3D). The 3.1 kb 
fragment along with the 2.1 kb fragment was hybridized to 
the inhibin promoter probe in the Nco I digestion blot. 
5 These results indicate that a full length gene region of 

E4 was stably integrated into these 15 cell lines. To 
rule out the possibility that these cell lines can 
survive and maintain a full length of the E4 region due 
to a loss of the El gene region, the blots were reprobed 
10 with the Ad5 Hind III E fragment (m.u. 7.7-17,1). All 19 

lines have a same sized fragment detected by the El probe 
as that in the parental 293 cell line (Fig. 3e) . 
Therefore, the El gene was not altered in the 293-E4 cell 
lines. 

15 

Example 10 : 

fipreen of biolo g i 1 acMvitv of 293-E4 cell lines 
To determine whether these cell lines were 
capable of supporting the E4 deletion virus growth, each . 

20 of the cell lines was infected with an adenovirus E4 

deletion mutant virus H5dll014 [Bridge & Ketner, (1989)]. 
The E4 defective strain H5dll014 contains two deletions 
from m.u. 92 to . 93. 8 and m.u. 96.4 to 98.4. The 
deletions destroy all the open reading frames of the E4, 

25 region except ORF 4. This virus produces substantially 

less viral DNA and late viral proteins in Hela cells 
similar to tjiat seen in cells infected with H2dl808 and 
H5dl366 [Halbert, et al, J". Virol. 56: 250-256 (1985)]. 
The only permissive cell line for the growth of H5dll014 

30 is W162 [Weinberg & Ketner, (1983)]. When the parental 

293 cells, W162 cells and all 15 lines were infected with 
H5dll014 at m.o.i. 25 with or without addition of the ImM 
cAMP, 6 cell lines showed comparable cytopathic effect 
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(CPE) as observed on W162 cells at 3-4 days of post- 
infection (Fig. 4) . The CPE appeared much faster in the 
presence of cAMP both in W162 cells and in some of the 
293-E4 cell lines. The parental 293 cells showed CPE at 
5 much milder level (Fig. 4) . This result shows that 293- 

E4 cell lines (containing both El and E4 gene regions) 
support the growth of E4 deleted viruses (eg., H5dll014 
virus) as efficiently as cell lines containing the E4 
gene region only (eg., W162 cell line). 

10 

Example 11 

Induction of H5dll014 prod uction on 293-E4 cell lines 

To quantitatively examine the ability of 293-E4 
cell lines to produce H5dll014 mutant virus and to 

15 determine whether there is a specific induction of E4 

gene expression in the 293-E4 cell lines, the titer of 
the H5dll014 produced from the 293-E4 cell lines was 
measured in the presence or absence of cAMP. Viral 
stocks were prepared from each cell line by infecting the 

20 same number of cells with H51014 at m.o.i. 50. At 48 hr 

post-infection, the supernatant of each cell line was 
removed and the cells were resuspended in 1/10 of the 
original volume of serum free medium. Titration of the 
viral stocks were performed on W162 cells by plague 

25 assay. As presented in Table 1, the phenomenon of virus 

production from these 15 lines can be generally 
classified into three groups ♦ Group 1 which includes 
lines 8, 50 and 51 showed increased viral titers by 4 to 
6 orders of magnitude compared to the titer produced from 

30 293 cells. Line 8 and 51 had a 10 fold increase of the 

viral titers in the presence of cAMP. Group 2, which 
includes lines 12, 27 and 61, produced similar titers of 
virus as that produced from W162 cells. The titers 
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increased 1,000-10,000 fold with the exception of line 12 
in which the level of virus production increased by 7 
orders of magnitude in the presence of cAMP. These 
results indicate an induced E4 gene expression in these 
5 three cell lines. Group 3 includes the remaining cell 

lines which produced the virus titers essentially at 
levels similar to that produced from parental 293 cells 
in the presence or absence of cAMP. The induced E4 gene 
expression is also Indicated in several cell lines in 

10 this group. 

The 10 fold induction was also observed in the 
W162 cells and parental 293 cells when the cells were 
treated with cAMP. It is possible that this 10 fold 
increase in the virus yield is due to the enhancement 

15 effect of cAMP on other adenovirus early gene expression, 

[Leza & Hearing, J. Virol. 63: 3057-3064 (1989)] which 
also contains CRE elements causing an increase in viral 
DNA synthesis. 
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TABLE IV 



Titers of K5dll014 produced from 



cell 


lines W162, 


293, and 293- 


-E4 


Group 


Cell Line 


TTTER [pfu/ml]' 




No cAMP 


ImMcAMP 


control 


W162 


2.2xl0 ,J 


1.2x10'* 




293 


1.6X10 4 


2.7x10* 






8.9x10" 


3.3x10" 




293-E4-50 


6.7x10'° 


4.5x10'° 


1 


293-E4-51 


8.9x10* 


2.2x10* 




293-E4-12 


4.5xl0» 


8.9x10" 


2 


293-E4-27 


6.7X1C 


2.2x10" 




293-E4-61 


1.3xlO,o 


8.0x10" 




293-E4-6 


1.1x10* 


8.9x10* 




293-E4-15 


1.3x105 


6.7x10 s 




293-E4-33 


6.7x104 


1.6x10* 




293-E4-34 


6.7x10* 


1.3xl0 7 




293-E4-35 


1.3x10 s 


1.1x10* 




293-E4-48 


6.7X10 4 


6.7x10 s 


3 


293-E4-52 


1.8x10* 


1.3x10' 




293-E4-59 


3.3xl(P 


6.7x10* 




293-E4-62 


1.6X10 5 


6.7x10 s 



15 

t Thc titer was determined by plaque assay on W 162 monolayer culture. 
Values in the table are the averages of titers measured on duplicate samples. 



20 
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flpnpration of AriS/AEl (fl-aa3)AE4 virus 
To rescue recombinant virus which harbors 
5 lethal deletions in both the El region and the E4 region 

the two most efficient cell lines, line 8 and line 61 , 
were utilized. The ADV-p-gal plasmid was linearized by 
BstBl and co-transfected with Cla I digested H5dll014 
into the monolayers of 293-E4_ cell lines (Fig. 5) . The 

10 recombinant virus was generated by in vivo recombination 

between the overlapping adenoviral sequence of ADV-p-gal 
and the H5dll014 large Cla I fragment (m.u. 2.55-100). 
Plaques appearing at 7-10 days post-transf ection were 
isolated and purified by blue plaque assay. The final 

15 purified blue plaque and the viral DNA were analyzed 

(Fig. 6) . For the following comparative studies of the 
double deletion recombinant virus, the AdS/AEl ( &-gal) AE3 
virus was generated. This virus was generated by co« 
transfection of Bst BI linearized ADV-p-gal plasmid with 

20 Cla I digested H5dl327 [Thimmappaya, et al, (1982)] into 

293 cells (Fig. 5) . 

Example 13 

In vitro evaluat ion of thfi Ad5 / AE1 f fl-aal ) AE4 virus 
25 To evaluate the infectivity of this second 

generation of recombinant virus, infectivity was compared 
with the p-gal gene expression of the double lethal 
deletion virus and single lethal deletion virus in Hela, 
293, W162 and line 61 cells. The cells were infected 
30 with these two strains of recombinant viruses at 20 

m.o.i. for 48 hrs. Expression was observed in both 
infections as detected both by histochemical staining and 
the 0-galactosidase activity assay described supra. Th 
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abolished cytopathic effect of the Ad5/AE1 {(3-gal) AE4 
virus was also tested by the plaque assay. The 293 -E4 
was the only permissive cell line for all three strains 
of virus (Ad5/AE1 (0-gal) AE4, Ad5/AE1 (3 -gal) AE3 and 
5 H5dll014) . The 293 cells were permissive for the 

Ad5/AE1 (($-gal) AE3 virus, semi -permissive (low level of 
virus production) for the H5dll014 virus but non- 
permissive to AdSMEl (3-gal) AE4 virus. The W162 cell 
line was permissive* f or H5dll014 virus, but non- 
10 permissive for Ad5/AE1 (p-gal) AE3 virus and Ad5/AE1(3~ 
gal)AE4 virus. Hela cells are non-permissive for all 
three strains of viruses. These results demonstrate that 
the double deletion virus does not cause any cytopathic 
effect to the human cell lines tested. Absence of 
15 cytopathic effects following infection of the double 

deletion viruses at m.o.i. 20 suggests that in vivo these 
viruses will not express late gene products. This should 
eliminate the immune response against cells infected with 
recombinant virus, thereby prolonging transgene 
20 expression. 

Example 14 

Efficien t transgene expression and truncated E4 aene 

expression in vitro 

25 To determine the transgene expression mediated 

by AdS/AEl (P-gal) AE4 at the transcription level and 
physically visualize the E4 transcription from the 
Ad5/AE1 (P-gal) AE4 virus, Ad5/AE1 (P-gal) AE4 viral RNA was 
analyzed by Northern blot. Total RNA was harvested from 

30 Hela cells at 4, 24 and 48 hr following infection of 

recombinant adenoviruses at 20 pfu/cell. Total RNAs 
extracted from Hela cells infected with H5dl327 and 
Ad5/AE1 (p-gal) were used as comparison. RNAzol B reagent 
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(Tel-Test, Inc. Friendswood, TX) was used for extraction 
of total RNA. Ten ug total RNAs were electrophoresed in 
a 1% denaturing gel, transferred to a membrane filter, 
and hybridized to radioactive DNA probes. The Northern 
5 blots were sequentially probed with radiolabled 1.65 kb 

EcoRV-AccI fragment of (J-gal, 2.30 kb Smal H fragment of 
Ad5 E4 region (m.u. 92.. 0-98. 4), 765 bps of the PCR 
product of the L5 region and the 1.45 kb Smal I fragment 
of the L3 region (m.u. 52.6-56.6). The PCR primers for 
10 amplification of adenovirus L5 region were 5 ' - 

GAGGACTAAGGATTGATT-3 ' (NTs 31811-31828) (SEQ ID NO: 3) 
and 5 • -CGTGAGATTTTGGATAAG-3 ' (NTs 32549-32566) (SEQ ID 
NO: 4). 

The cells infected by either the Ad5/AE1{&- 

15 gal)AE4 or the Ad5/AE1 (p-gal) accumulated same level of 

P-gal mRNA at 4 hr post-infection (Figure 7, Panal A). 
However, the cells infected with Ad5 / AE1 ( 3 -gal ) AE4 
gradually accumulated lower level of p-gal at 24 and 48 
hr post-infection compared to the cells infected with 

20 Ad5 /AE1( (J-gal ) . This slightly reduced level of 3-gal 
transcript mediated by Ad5/&E1 ((J -gal) AE4 is consistant 
with a slightly reduced level of (J-galactosidase enzyme 
activity in infected Hela cells assayed at 24 hr post- 
infection as previously described. When the same blot was 

25 rehybridized with adenoviral E4 probe which extends from 

92.0 to 98.4 m.u. and does not overlap the 3' end of the 
L5 region [Fraser, et al, J • Mol. Biol. 155: 207-233, 
(1982)], a characteristic pattern of polysomal mRNAs 
[Tiggs, et al, J. Virol. 50: 106-117, (1984)] was 

30 displayed in both H5dl327 and Ad5 / AE1 ( (3-gal ) infected 

samples although the level of the E4 transcripts is 
dramatically decreased in Ad5 / AE1 ( & -gal ) infected cells. 
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However, there is only one species of E4 transcripts at a 
size corresponding to 1.5 kb in cells infected with the 
Ad5/AEl(3-gal) AE4 (Figure 7, Panal B) . This observation 
is presumably due to two large deletions within this 
5 E1/E4 deleted vector which destroyed all the open reading 

frames within the E4 region with the exception of the 
ORF4 and resulted in the production of a truncated 
transcripts encoding the 0RF4 protein. This example 
supports the results described in Example 13 that the 
10 transgene delivered by the Ad5 / AE1 ( & -gal ) AE4 recombinant 

adenoviral vector is efficiently expressed. 

Example 15 

Reduced o r eliminated adenviral late gene express i on i n 

15 vitro 

The parental mutant adenovirus H5dll014 which 
was used to generate the recombinant adenoviral vector 
Ad5/AEl((J-gal) AE4 has been reported to show severe 
defects in late gene expression [Bridge and Ketner, J . 

20 Virol. 63: 631-638, (1989)]. To determine whether the 

combination of the El and E4 region deletions in 
Ad5/AE1 ( (J-gal) AE4 might result in more profound defects 
or complete blockage of late gene expression, the 
accumulation of late mRNAs of AdS/AEl (3-gal) AE4 in 

25 nonpermissive Hela cells was measured by both Northern 

blot and reverse transcription polymerase chain reaction 
(RT-PCR) methods. The Northern blot (described in 
Example 14 and Figure 7) was rehybridized to the L5 
probe, which is the PCR product of Ad5 sequence from NTs 

30 31811 to 32566 within the fiber protein coding region <L5 

region) , and the L3 probe, which is the Smal I fragment 
from m.u. 52.6-56.6 within the hexon protein coding 
region. There was a low level of accumulation of L5 
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transcripts and a detectable level of L3 mRNA in the 
cells infected with El-deleted vector at 48 hr post- 
infection (Figure 7, Panal C and D) . However, both late 
transcripts were not detectable in the cells infected 
5 with the El /E4 -deleted adenoviral vector. 

Applicants further employed the RT-PCR method 
with increased detection sensitivity to determine whether 
adenoviral late gene transcripts were expressed in the 
AdS/AEl ((J-gal) AE4 recombinant vector. Total RNA was 

10 treated with RNase-free DNase (promega Corp., Madison WI) 

at 1 unit/ug at 37 °C for 60 min. The first strand of 
cDNA was synthesized using pd(N) € as primer (Pharmacia, 
Alameda, CA) . The same set of control reactions was done 
by omitting the reverse transcriptase. Both preparations 

15 (RT+ and RT-) were then amplified using the same L5 

primers as described previously (see Example 14) . The 
primers for L3 region were 5 ' -CCTACGCACGAC-3 • (SEQ ID NO: 

5) (NTs 18996-19007); 5 ' -TGTTTGGGTTAT-3 ' (SEQ ID NO: . 

6) (NTs 20318-20329) . After amplification, the RT 

20 products wee run on a 1% agarose gel and visualized by 

ethidium bromide staining. The L5 mRNA was identified 
both in cells infected with AdSMEl (3-gal) and Ad5/AE1(3- 
gal)AE4 (Figure 8) . There was no detectable L3 mRNA 
transcripts in cells infected with Ad5 / AEl ( 3 -gal ) AE4 

25 (Figure 8). The RT-PCR reaction using 3-actin primers 

was used as an internal control. The 3-actin primers 
utilized for* the RT-PCR were the consensus sequences 
between the rat and human as described in Fraser, et al, 
J. Virol. 63, 631-638, (1989). 

3 0 To increase the sensitivity of detection of the 

hexon protein sequence (within the L3 region) , RT-PCR 
products were further analyzed by Southern blot probed 
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with an oligomer 5 ' -GACCGTGAGGATACT-3 1 (SEQ ID NO: 7) 
which hybridized to the internal region of the RT-PCR 
products of the hexon protein coding region (Figure 9) . 
L3 transcripts were not detected in the cells infected 
5 with the double deleted Ad5/AE1 (p-gal) AE4 adenoviral 

vector which confirms the results of the study described 
above and in Figure 8 . These results indicate that the 
combination of the El and E4 deletions within the 
Ad5/AE1 ((J-gal) AE4 vector should result in a complete 
10 deficiency of the L3 mRNA which encodes the adenovirus 

capsid protein-hexon. 

Rxanrole 16 
Persiste nt trans^ene expression in vivo 

15 To determine whether reduced or eliminated 

adenovirus late gene expression of the E1/E4 deleted 
adenoviral vector could prolong transgene expression, the 
3-gal gene expression in cells infected with either El- 
deleted vector or El /E4 -deleted vector was examined. The 

20 double deleted Ad5/AE1 ( (S-gal) AE4 recombinant virus and 

Ad5/AE1 (3-gal) recombinant virus were used in the 
following in vivo experiments. Viral stocks were 
produced from suspension of complementing packaging cells 
and purified by double CsCl banding as described in 

25 Graham and Prevec, Methods Mol. Biol. 7: 109-128, (1991). 

All the stocks used were free of contamination of El- 
containing virus determined by PGR analysis using El 
region (NTs 13-1338) primer and E2 region (NTs 5053- 
5072) primer as described in Lochmuller, et al, Hum. Gene 

30 Ther. 5: 1485-1491, (1994). Five animals infected with 

each strain of recombinant virus were sacrificied at day 
3, 7, 14, 21, 28, 35 and 77 postinfection. X-gal 
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histochemical staining, described previously, was 
performed on the frozen sections of the above infected 
animal livers- The staining showed that approximately 
100% of tissues expressed the (3-galactosidase gene in 
5 both El-deleted and El/E4-deleted adenoviral vector 

infected livers at day 3 and 7 . There was a sharp 
declining of X-gal staining from 14 days (75-85%) to 35 
days (15-25%) in the livers infected with the El-deleted 
vector. At 77 days, only 1-2% of the livers stained blue 

10 in El-deleted adenovirus infected animals. In contrast, 

(J-galactosidase gene expression was sustained at a level 
of 85% for 28 days in the livers infected with the E1/E4- 
deleted virus. Moreover, at day 77, approximately 65-75% 
of the El/E4-deleted adenovirus infected animal livers 

15 expressed the [J-galactosidase gene- This example 

demonstrates that the elimination of the adenovirus late 
gene expression in a E1/E4 double deleted adenoviral 
vector (adenovirus) could significantly prolong the 
expression of a transgene placed in the viral vector 

20 compared to a single deleted adenovirus, e.g., El deleted 

adenovirus . 

FYftTnple 17 

25 Reduced ryropa r hic effects and host immune 

T-esnonses in vivo 
To. determine whether there is an inverse 
correlation between a prolonged transgene expression and 
reduced cytopathic effects in animals infected with the 
30 El/E4-deleted adenovirus, random liver hematoxylin/eosin 

(H&E) stained sections from five animals per each 
experimental group were examined. Frozen liver section 
(6 um) were fixed in 0.5% glutaraldehyde and stained for 
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3-gal activity by staining in X-gal solution. For 
morphological study, the paraffin liver sections were 
stained with H&E . Random sections were reviewed. 
Pathological changes such as cell ballooning, tissue 
5 necrosis, loss of lobular structure and inflammatory 
infiltration were observed between day 3 and 7 and 
continued through day 35 in animals infected with El- 
deleted adenovirus vector. By day 77, most animals with 
same infection were recovered from these tissue damages 

10 morphologically. However, none of the above pathologic 
changes was observed between day 3 and 7 except a slight 
inflammatory infiltration appeared after day 14 and in 
the animals infected with El /E4 -deleted adenovirus 
vector. By day 77, all the animals infected with this 

15 doubly deleted virus vector were retured to normal 

morphologically. This example demonstrates that reduced 
cytopathic effects are mediated by the double deleted 
Ad5 / AE1 ( (J-gal ) AE4 recombinant adenoviral vector. The 
prolonged transgene expression in animals infected with 

20 the double deleted adenoviral vector may be due to 

decreased tissue regeneration activity in the liver 
compared to the livers of animals infected with the 
Ad5/AE1 (B-gal) vector. 

25 BXMlPl'e 18 

Construct- ion E4-ORF-6 nlasmid 
This example describes the construction of 
pIK6.1MIP(a) -ORF6 plasmid. The E4-ORF6 region expression 
vector was constructed as illustrated in Figure 10* The 
30 parental pIK6.1 MMSV-E4 (AE4 pro.) derived from the 

pIK6.1.MMSVNhe [also referred to as pIKS.l MMSVenpoNhe (Hpa) 
or pkatl in Finer, et al, Blood, 1994 and Finer, et al, in 
International application WO 94/29438] contains the full 
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length sequence of the E4 region except the promoter 
sequence. The pIK6 . 1MIP (a) -E4 was constructed by 
ligation of a 238 bp fragment of the Hind III-Xba I PGR 
product of mouse a inhibin promoter [MIP(a)l with the 2.9 
5 kb Xba I-Stu I fragment and the 3.9 kb Stu I-Hind III 

fragment of the pIK6.1 MMSV-E4 (AE4 pro.). The 
pIK6.1MIP(a) -ORF6 plasmid was constructed by replacing 
the promoterless E4 region with a PCR product of the ORF6 
fragment. The PCR primers for the E4-ORF6 coding region 

10 are 5 1 -gccaatctagaGCTTCAGGAAATATGACT-3 * (Ad5 NTs 34072 to 

34089) (SEQ ID NO: 8) and 5 * -catctctcgagGGAGAAGTCCACGCCTAC- 
3' (Ad5 NTs 33179 to 33196) (SEQ ID NO:9). The sequences 
containing either the Xhol site or Xba I site in 
lowercase were present to facilitate cloning. The 

15 transcription of the ORF6 is driven by the mouse a 

inhibin promoter and the heterologous polyadenylation 
signals (SV40 polA) on the plasmid backbone downstream of 
the ORF6 region was utilized. The cloned ORF6 DNA 
fragment was sequenced to verify the accuracy of the 

20 sequence. The pIK6 . 1MIP (a) -ORF6 was used to generate the 

packaging cell line as described infra. 

Fyatnple 19 

25 rnnstruc f^n of 293-ORF6 Cffl 1 lines 

The following example describes the 
construction^ 293-ORF6 cell lines To eliminate the 
potential possibility of generating E4 containing virus, 
this new packaging cell line has been established by 

30 introducing a minimum essential Ad5 E4 ORF6 coding region 

into 293 cells. The plasmid pIK. MIP(a)-ORF6 carries a 
910 bp PCR fragment of Ad5 E4-ORF6 coding region from 
nucleotide 1846 to 2756 numbered from the right end of 
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the genome. The ORF6 region was cloned downstream of the 
mouse a inhibin promoter region as previously described. 
The pIK6.1MIP(a) -ORF6 was co- transf ected into 293 cells 
with a plasmid containing the Neor gene. Fifty-four G418 
5 resistant clones were isolated, expanded and screened for 

integration of the E4-ORF6 sequence by Southern blotting 
(Figure 11) . Genomic DNA from each clone was digested 
with Hind III and XmnI and hybridized to the ORF6 PCR 
fragment (Figure 11, Panel A) . Eight out of the total 54 

10 screened clones retained at least one copy of predicted 

1,7 kb fragment for intact ORF6 region. The blots were 
rehybridized with the El probe which is a Ad5 Hind III E 
fragment (m.u. 7.7-17.1) (Figure 11, Panel B) . All eight 
293-ORF6 cell lines showed the same sized fragment 

15 detected by the El probe as that found in the parental 

293 cells (Figure 11) . This example demonstrates that the 
structure of the El gene has not been altered in the cell 
lines. Not only do the cell lines above have the intact 
El gene but they also retain at least one copy of the E4 

20 ORF6 region. 

Example 20 

Complementation of E4 function by 293-ORF6 cell lines 

The 293-ORF6 cell lines were screened for their 

25 ability to produce virus following infection with the E4- 

deleted mutant adenovirus, H5dll014. The H5dll014 
adenovirus cpntains two deletions which destroy all the 
open reading frames of the E4 region with the exception 
of ORF4, resulting in the production of substantially 

30 less viral DNA and late viral proteins in Hela cells. The 

W162 cell line/ which contain intact E4 region, is a 
permissive cell line for the growth of H5dll014 [Bridge 
and Ketner, J. Virol. 63: 631-638, (1989)]. When the 
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parental 293, W162, 293-E4 and 293-ORF6 cell lines were 
infected with H5dll014 at an moi of 25 pfu, all eight 
293-ORF6 cell lines showed comparable cytopathic effect 
(CPE) as observed in W162 cells as well as in 293 -E4 
5 cells at 3-4 days of post-infection. Quantitative 

analysis of the production of H5dll014 was performed by 
plaque assay with limiting dilution on the monolayers of 
the 293-ORF6 and control cell lines. The titers of the 
H5dll014 produced by 293-ORF6 are at similar range of 
10 that produced from both W162 and 293 -E4 cells. (Table V) 

Thus, 293-ORF6 cell lines which only contain a small 
essential DNA fragment of the E4 gene region are 
sufficient to complement the E4 function and support the 
growth of the E4 deletion mutant virus. 

15 

Rvample 21 

romnlpment ^ ion of Fl function bv 291-ORF6 cel l li nes 

Southern analysis demonstrated that all of the 
293-ORF6 cell lines examined contain an intact El region 

20 copy. These lines were assayed for their biological 

activity to complement the El function. (Complementary 
activity assay as shown in Table V.) Monolayers of W162, 
293 , 293-E4, and 293-ORF6 #34 cell lines were infected 
with the El-deleted mutant virus, H5dl312 and viral 

25 production was determined by limiting dilution plaque 

assay. Each of the eight 293-ORF6 cell lines produced 
the El-delet^d virus at a level similar to that produced 
by the parental 293 cells (Table V) . Therefore, the 293- 
ORF6 cell lines possess the ability to complement both 

30 the El and E4 gene product functions. 
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TABLE V 

Characterization of E4-ORF6 cell lines by 
biological complementation activity- 
Cell Line Titer (p£u/ml) c 

dll014* d!312 b AE!//^*- 

5 W162 
293 
293-E4 
ORF6-34 

10 "The titers of H5dll014 lysates produced from cell lines were 

determined by plaque assay on W162 monolayer culture. 

The titers of H5d312 stock and dEl/dE4 stock were determined on cell 
lines. 

15 

"The values in the table are the averages of titers measured on 
duplicate samples. 



5.0 X 10 7 0 0 

0 2.2 X 10" 0 

6.0 x 10 s 1.8 x 10 10 2.0 x 10* 

6.0 x 10' 6.0 x 10" 5.0 x 10 s 
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Example 22 

fi-jiniil f.angnns compl pmenfatinn of both El and E4 functions 
hy ^11 lines 

This example describes the ability of the 293- 
5 0RF6 cell lines to rescue recombinant virus which harbors 

deletions in both the El and the E4 regions. Cell line 34 
was chosen for further testing from the two cell lines 
which produced the highest titer of H5dll014, i.e., cell 
line 21 and 34. The E1/E4 double deleted recombinant 

10 virus, Ad5/AE1 (P-gal) AE4, constructed as described 

previously, contains the E. coli 0-galactosidase gene 
which is under the control of pgk promoter. Ad5/AE1([J- 
gal)AE4 was generated by recombination using H5dll014 as 
parental virus as previously described. Quantitative 

15 analysis of the production of Ads / AE1 ( 3 -gal ) AE4 was 

performed by plaque assay with limiting dilution on the 
monolayers of the control cell lines and 293-ORF6-34 
line. Plaques which stained blue with X-gal staining 
appeared on the monolayers of 293-E4 and 293-ORF6-34 at 

20 7-10 days post-infection. The titer of the Ad5/AE1(3- 

gal)AE4 produced from 293-ORF6-34 cell line was the same 
as the titer produced from the 293-E4 cell line. This 
example demonstrates that the 293-ORF6-34 cell line is 
able to support the growth of the virus having both El 

25 and E4 lethal deletions. The new packaging cell lines 

described in Example 19 are advantageous for the 
propagation of El /E4 -deleted recombinant adenoviral 
vectors because they produce high titer virus and are 
unable to generate replication-competant adenovirus (RCA) 

30 due to the absence of overlap between the E4 deletion 

within the vector and the E4-ORF6 expressing plasmid 
present in the transfected cell line. 
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Example 23 

Construct ion of E2A plasmid 

The pIK6 . lMIP(ot) -E2A plasmid was derived from 
5 the pIK6. lMIP(a) -E4 as described above. The promoterless 

E4 gene was replaced with the Ad5 E2A gene from 21562 to 
24627 (m.u. 59.9 to 68.3) [Klessig, et al, Mol. Cell. 
Bio. 4: 1354-1362, (1984)] with the second leading 
sequence present. The Ad5 E2A gene encodes the 

10 adenovirus DNA binding protein (DBP) and is required for 

adenovirus DNA replication [Van er Vliet and Sussenbach, 
Virology, 67: 415-426, (1975)]. The gene (m.u. 61.5-68) 
which lacks its own promoter and the first leader 
sequence was cloned downstream of the mouse a inhibin 

15 promoter region. A PCR product from m.u. 65.2 to 68.3 

was generated using primers 5 1 -tccatttctagaTCGGCTGCGGTTG- 
3' (SEQ ID NO: 10) (Ad5 NTs 24615 to 24627) and 5'- 
ACGTGGTACTTGTCCATC-3 ' (SEQ ID NO: 11) (Ad5 NTs 23443 to 
23460). The sequence containing the Xba I site in 

20 lowercase is present to facilitate ligation and cloning. 

The PCR product was digested with both Xba I and Pvu I, 
and ligated with the Ad5 Bam HI and Pvu I DNA fragment 
from NTs 21562 to 23501 (m.u. 59.9 to 65.2). The 
promoterless E2A DNA sequence was next used to replace 

25 the promoterless E4 region on the plasmid pIK6 . lMIP(a) - 

E4 . The transcription of the cloned E2A gene is driven 
by the mouse a- inhibin promoter and the heterologous 
polyadenylation signals (SV40 polA) on the plasmid 
backbone downstream of the E2A region was utilized. The 

30 cloned E2A gene was sequenced to verify the accuracy of 

the sequence. The pIK6 . 1MIP (a) -E2A plasmid was used to 
generate the packaging cell line as described infra. 
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Example 24 

Construc t- ion of 293-E2A cell line 
5 The following example describes the 

construction of the 293-E2A cell lines. To construct a 
packaging cell line which is able to complement both the 
El and the E2A gene functions in trans simultaneously, 
the plasmid pIK. MIP(a)-E2A was cotransf ected into 293 

10 cells with a plasmid containing the Neo r gene. The 293 

cells (ATCC CRL1573) were grown in Dulbecco 1 s modified 
Eaglet medium (DMEM) , Ig/L glucose (JRH Biosciences, 
Denver, PA) , 10% donor calf serum (Tissue Culture 
Biologies, Tulare, CA) . Cells were seeded at 5xl0 5 per 10- 

15 cm plate 48 hours prior to the transf ection . Ten mg of 

pIK6.1MIP(a) -0RF6 and 1 mg of pGEM-pgkNeo ,pgkpolyA, 
encoding the neomycin resistance gene under the control 
of the mouse phosphoglycerate kinase promoter were co- 
transfected into 293 cells by calcium phosphate co- 

20 precipitation [Wigler, et al. Cell 16: 777-785, (1979)]. 

Fifty G418 resistant clones were isolated, 
expanded and screened for integration of the E2A sequence 
by Southern blotting. Genomic DNA from each clone was 
digested with Xba I and Afl II and hybridized to the E2A 

25 probe. Twelve out of the total 50 screened clones 

retained at least one copy of predicted 1.44 kb fragment 
for intact B2A region. The blots were reprobed with the 
El probe (Ad5 Hind III E fragment from m.u. 7.7-17.1) . 
All twelve 293-E2A cell lines have a fragment with same 

30 size as that in the parental 293 cells. This example 

demonstrates that the structure of the El gene has not 
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been altered in these cell lines and that the cell lines 
retain at least one copy of the E2A gene. 

5 Fvanrnle 25 

Prmgl-mrfcion nf 293-E4/E2A cell line 
The following example describes the 
construction of the 293-E4/E2A cell lines. To construct 
a packaging cell line which is able to complement the 

10 functions of the El, the E2A and the E4 in trans 

simultaneously, the plasmid pIK. MIP(a)-E2A was 
cotransfected into 293 -E4 cells with a plasmid containing 
the Neo r gene. The 293 -E4 cells were grown in Dulbecco's 
modified Eagle's medium (DMEM) , lg/L glucose (JRH 

15 Biosciences, Denver, PA), 10% donor calf serum (Tissue 

Culture Biologies, Tulare, CA) . Cells were seeded at 5x10 s 
per 10-cm plate 48 hours prior to the transf ection . Ten 
mg of pIK6.1MIP(a) -ORF6 and 1 mg of pGEM-pgkNeo.pgkpolyA, 
encoding the neomycin resistance gene under the control 

20 of the mouse phosphoglycerate kinase promoter were co- 

transfected into 293 cells by calcium phosphate co- 
precipitation [Wigler, et al, 1979] . Fifty G418 
resistant clones were isolated, expanded and screened for 
integration of the E2A sequence by Southern blotting. 

25 Genomic DNA from each clone was digested with Xba I and 
Afl II and hybridized to the E2A probe. Twenty-one out 
of the total 50 screened clones retained at least one 
copy of predicted 1.44 kb fragment for intact E2A region. 
The blots were reprobed with the El probe (Ad5 Hind III E 

30 fragment from m.u. 7.7-17.1) and E4 probe (Smal H 

fragment from m.u. 92-98 . 4) . All twenty-one 293-E2A cell 
lines have the same integrated El and E4 DNA patterns as 
those of their parental cell line-293-E4. This example 
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demonstrates that the structures of the El and E4 genes 
have not been altered in these cell lines and in 
addition, one copy of the E2A gene is retained in all of 
these lines. 

5 

Construction of virus-a fiRQciated RNA (VARNA) Plasmid 

This example describes the construction of the 

10 pIK6 . 1 -VARNA plasmid." The pIK6.1-VARNA plasmid was 

derived from the pIK6 . 1 which was previously described by 
Finer et al in WO 94/29438. A PCR product which contains 
Ad5 VA RNA1 and VA RNA2 genes with their endogenous 
promoter for RNA polymerase III from m.u. 29 to 30.1 was 

15 cloned into the pIK6.1 plasmid. The PCR product was 

generated using primers 5 ' -tactaacctaggACGCGGTCCCAGATGTTG, 
-3' (Ad5 Nts 10504 to 10521 ) (SEQ ID NO: 12) and 5'- 
tactaacactacCCGCTGCTCTTGCTCTTG -3 1 (Ad5 NTs 11095 to 
11112) (SEQ ID NO: 13). These sequences containing either 

20 the Avr II or Dra III site in lowercase were present to 

facilitate cloning (Figure 13). The cloned virus- 
associated RNA gene was sequenced to verify the accuracy 
of the sequence. 

25 All publications cited in this specification 

are herein incorporated by reference in their entirety as 
if each individual publication was specifically and 
individually indicated to be incorporated by reference. 

3 0 As will be apparent to those skilled in the art 

to which the invention pertains, the present invention 
may be embodied in forms other than those specifically 
disclosed above without departing from the spirit or 
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essential characteristics of the invention. The 
particular embodiments of the invention described above, 
are, therefore, to be considered as illustrative and not 
restrictive. The scope of the invention is as set forth 
5 in the appended claims rather than being limited to the 

examples contained in the foregoing description. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

5 

(i) APPLICANT: WANG, QING 

FINER, MITCHELL H. 
JIA, XIAO-CHI 

10 (ii) TITLE OF INVENTION: NOVEL ADENOVIRAL VECTORS, 

PACKAGING CELL LINES, RECOMBINANT ADENOVIRUSES, 

AND METHODS 



15 



30 



(iii) NUMBER OF SEQUENCES: 13 



(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: CELL GENESYS, INC. 

(B) STREET: 322 LAKESIDE DRIVE 

(C) CITY: FOSTER CITY 
20 (D) STATE: CALIFORNIA 

(E) COUNTRY: USA 

(F) ZIP: 94404 

(v) COMPUTER READABLE FORM: 
25 (A) MEDIUM TYPE: Floppy disk 

(B*) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS -DOS 

(D) SOFTWARE: Patentln Release #1.0, Version 



#1.25 

(vi) CURRENT APPLICATION DATA: 
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(A) APPLICATION NUMBER: 

(B) FILING DATE: 03-NOV-1995 

(C) CLASSIFICATION: 



5 (viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: KRUPEN, KAREN I. 

(B) REGISTRATION NUMBER: 34,647 

(C) REFERjENCE / DOCKET NUMBER: CELL 16.3 

10 (ix) TELECOMMUNICATION INFORMATION : 

(A) ' TELEPHONE: (415)3 58-9600 X131 

(B) TELEFAX: (415)349-3792 



15 (2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 
20 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



25 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l 

GCGCAAGCTT CGGGAGTGGG AGATAAGGCT C 
30 31 
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(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



10 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

15 GGCCTCTAGA AGTTCACTTG CCCTGATGAC A 

31 

(2) INFORMATION FOR SEQ ID NO: 3: 

20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 

(ii) MOLECULE TYPE: DNA (genomic) 



30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 
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GAGGACTAAG GATTGATT 
18 

(2) INFORMATION FOR SEQ ID NO: 4: 

5 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
10 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



15 



20 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 

CGTGAGATTT TGGATAAG 
18 

(2) INFORMATION FOR SEQ ID NO: 5: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 12 base pairs 
25 (B) TYPE : nucleic acid 

(CD STRANDEDNESS: single 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (genomic) 



30 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 

CCTACGCACG AC 
12 

5 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 12 base pairs 
10 (B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



15 



30 



(ii) MOLECULE TYPE: DNA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

20 TGTTTGGGTT AT 

12 

(2) INFORMATION FOR SEQ ID NO: 7: 

25 (i) SEQUENCE CHARACTERISTICS: 

(A*) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (genomic) 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

5 GACCGTGAGG ATACT 

15 

(2) INFORMATION FOR SEQ ID NO: 8: 

10 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

15 

(ii) MOLECULE TYPE: DNA (genomic) 



20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

GCCAATCTAG AGCTTCAGGA AATATGACT 
29 

25 (2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 
30 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE : DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

CATCTCTCGA GGGAGAAGTC CACGCCTAC 
29 



10 (2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 5 base pairs 

(B) TYPE: nucleic acid 
15 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



20 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

TCCATTTCTA GATCGGCTGC GGTTG 
25 25 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

67 



(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11 

ACGTGGTACT TGTCCATC 
18 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12 

TACTAACACT ACCCGCTGCT CTTGCTCTTG 
30 

(2) INFORMATION FOR SEQ ID NO: 13: 
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10 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13 



TACTAACCTA GGACGCGGTC CCAGATGTTG 
30 



15 
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International Appiication No: PCT/ / 

MICROORGANISMS 

Optional ShMt in connection with the microorganism referred to on page . lines _ of the descnpiion * 

A. IDENTIFICATION OF DEPOSIT • 

Further deposits are identified on an additional sheet ' 

Name of depositary institution * 
American Type Culture Collection 



Address of depositary institution (including postal code and country) ' 

12301 Pariclawn Drive 
RockviJIe, MO 20852 
US 



Date of deposit * August 30, 1994 Accession Number ' CHL 1171J. 

B. ADDITIONAL INDICATIONS ■ Heave blank if m tppiicsfttet. This tntemttioA a cownwed on i tcoanig anacned theet 



C. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE ' <*«.. 



D. SEPARATE FURNISHING OF INDICATIONS • <k»« tut* if not «ppic»bte> 



The tncfccationa totted below wtu be aubmitted to the International Bureau iew * (Specify the generei native at the indications e.g., 
"Acceaaon Number of Deposit") 



E. □ This sheet was received with the International application when filed (to be checked by the receiving Office) 



(Authorized Officer) 



□ The date of receipt (from the applicant) by ihe International Bureau 



(Authorized Officer) 



Porm PCTynO;i 34 (January 
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International Application No: PC17 / 

Form PCT/RO/1 34 (cont.) 

American Type Culture Collection 

12301 Parfclawn Drive 
Rockvtile, MD 208S2 



US 



Accession No, 



75879 



Date of Deposit 
August 30, 1 994 



October 25. 1995 



October 25, 1995 



October 25, 1995 
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WE CLAIM: 

1. A DNA plasmid comprising an adenoviral gene 
or gene region that encodes a cytotoxic protein operably 

5 linked to an inducible promoter. 

2 . The DNA plasmid of claim 1 wherein said 
adenoviral gene or gene region is selected from the E2A 
gene or E4 gene region. 

10 

3 . A DNA plasmid comprising an adeno- 
associated viral gene that encodes a protein operably 
linked to an inducible promoter. 

15 4. The DNA plasmid of claim 3 wherein said 

adeno-associated viral gene is selected from the rep gene 
region and cap gene region. 

5 . A DNA plasmid comprising an adeno- 

20 associated viral gene wherein said gene encodes one of 

the adeno-associated virus Rep proteins and is operably 
linked to an inducible promoter. 

6. The DNA plasmid of any one of claims 1-5 in 
25 the alternative wherein said inducible promoter is the 

promoter from the cAMP response element binding protein 
regulated genes . 

7. The DNA plasmid of any one of claims 1-5 in 
30 the alternative wherein said inducible promoter is 

selected from the gene encoding mammalian alpha inhibin. 
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8. The DNA plasmid of any one of claims 1-5 in 
the alternative wherein said inducible promoter is 
selected from the gene encoding mouse alpha inhibin. 

9. The DNA plasmid of any one of claim 1 
wherein said inducible promoter is selected from the gene 
encoding the tetracycline responsive promoter. 



10 10. The plasmid plk6.1 MIP(oc)-E4 designated 

ATCC #75879. 

11. A packaging cell line that supports the 
growth of a mutant adenovirus defective in replication, 

15 wherein said adenovirus comprises at least two deletions,, 

at least two mutations, or at least one mutation and one * 
deletion selected from the group consisting of El, E2A, 
E4 early gene regions, viral structural genes, and 
optionally a deletion of the E3 gene region, 

20 

12. A packaging cell line that supports the 
growth of a recombinant adenoviral vector, wherein said 
vector comprises at least two deletions, two mutations or 
one deletion and one mutation selected from the group 

25 consisting of El, E2A, E4 early gene regions, viral 

structural genes, and optionally a deletion of the E3 
gene region §uid said recombinant adenoviral vector 
additionally comprises a transgene that replaces any one 
of said deletions. 

30 



73 



WO 96/14061 PCT/US95/14793 



13 . A packaging cell line that supports the 
growth of a mutant adeno-associated virus defective in 
replication, wherein said packaging cell line comprises 
the El, E2A and E4 early gene regions, the DNA sequences 

5 encoding the virus-associated RNA, and wherein said virus 

is free of helper adenovirus, 

14. A packaging cell line that supports the 
growth of a recombinant adeno-associated virus defective 

10 in replication grown in a packaging cell line comprising 

the El, E2A and E4 early regions, and virus -associated 
RNA sequences, wherein said virus is free of helper 
adenovirus . 

15 15. A packaging cell line that supports the 

growth of a mutant adeno-associated virus defective in 
replication, said packaging cell line comprises El, E2A, 
E4 early gene regions, virus-associated RNA sequences, 
adeno-associated virus rep gene region, and optionally 

20 the E3 early gene region, and wherein said mutant virus 

carries a deletion of adeno-associated virus rep gene 
region and is free of helper adenovirus . 

16. A packaging cell line that produces a 
25 recombinant adeno-associated virus defective in 

replication, wherein said packaging cell line comprises 
El, E2A, E4 parly gene regions, DNA sequences encoding 
virus -associated RNA, adeno-associated virus rep gene 
region, and optionally the E3 early region, and wherein 
3 0 said mutant virus carries a deletion of adeno-associated 

virus rep gene region and is free of helper adenovirus. 



74 



WO 96/14061 



PCI7US95/14793 



17, A packaging cell line that supports the 
growth of a mutant adeno-associated virus defective in 
replication, wherein said packaging cell line comprises 
El, E2A, E4 early gene regions, virus -associated RNA 

5 sequences, adeno-associated virus rep gene region, adeno- 

associated virus cap gene region and optionally the E3 
early gene region, and wherein said mutant virus carries 
a- deletion of adeno-associated virus rep gene region and 
is free of helper adenovirus. 

10 

18, A packaging cell line that produces a 
recombinant adeno-associated virus defective in 
replication, wherein said packaging cell line comprises 
El, E2A, E4 early gene regions, DNA sequences encoding 

15 virus-associated RNA, adeno-associated virus rep region,. 

the adeno-associated virus cap gene region and optionally 
the E3 early region, and wherein said mutant virus 
carries a deletion of adeno-associated virus rep gene 
region and is free of helper adenovirus. 

20 

19 , A mutant adenovirus defective in 
replication, wherein said adenovirus comprises at least ^ 
two deletions, at least two mutations, or at least one 
mutation and one deletion selected from the group 

25 consisting of El, E2A, E4 early gene regions, viral 

structural genes, and optionally a deletion of the E3 
gene region,^ and wherein said adenovirus is produced in 
the packaging cell line of claim 11. 
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20. A mutant adenovirus defective in 
replication, wherein said adenovirus comprises at least 
two deletions, at least two mutations, or at least one 
5 mutation and one deletion selected from the group 

consisting of El, E2A, E4 early gene regions, viral 
structural genes, and optionally a deletion of the E3 
gene region. 

10 21. A recombinant adenoviral vector, wherein 

said vector comprises at least two deletions, two 
mutations or one deletion and one mutation selected from 
the group consisting of El, E2A, E4 early gene regions, 
viral structural gene sequences, and optionally a 

15 deletion of the E3 gene region, wherein said recombinant 

adenoviral vector additionally comprises a transgene that 
replaces any one of said deletions, said vector is 
produced from the packaging cell line of claim 12. 

20 22 . A recombinant adenoviral vector, wherein 

said vector comprises at least two deletions, two 
mutations or one deletion and one mutation selected from 
the group consisting of El, E2A, E4 early gene regions, 
viral structural genes, and optionally a deletion of the 

25 E3 gene region, wherein said recombinant adenoviral 

vector additionally comprises a transgene that replaces 
any one of said deletions. 

23 . A mutant adeno-associated virus defective 
30 in replication grown in a packaging cell line, wherein 

said packaging cell line comprises the El, E2A and E4 
early gene regions, and the DNA sequences encoding virus- 
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associated RNA, and wherein said virus is free of helper 
adenovirus. 

24 • A recombinant adenoviral vector defective 
5 in replication grown in a packaging cell line, wherein 

said packaging cell line comprises the El, E2A and E4 
early gene regions, the virus-associated RNA sequences, 
and optionally the E3 early gene region, and wherein said 
virus is free of helper adenovirus. 

10 

25. A mutant adeno-associated virus defective 
in replication grown in a packaging cell line, wherein 
said packaging cell line comprises El, E2A, E4 early gene^ 
regions, the DNA sequences encoding virus-associated RNA,.*. 
15 adeno-associated virus rep gene region, and optionally . v 

the E3 early gene region, and said mutant virus comprises 
a deletion of adeno-associated virus rep gene region and 
is free of helper adenovirus . 

20 26. A recombinant adeno-associated viral 

vector defective in replication grown in a packaging cell; 
line, wherein said packaging cell line comprises El, E2A,^ 
E4 early gene regions, the DNA sequences encoding virus- 
associated RNA, adeno-associated virus rep gene region, 

25 and optionally the E3 early region, wherein said viral 

vector carries a deletion of adeno-associated virus rep 
gene region and is free of helper adenovirus, and 
additionally comprises a transgene that replaces said 
deletion. 

30 



77 



WO 96/14061 



PCT/US95/14793 



27 . A mutant adeno-associated virus defective 
in replication grown in a packaging cell line, wherein 
said packaging cell line comprises El, E2A, E4 early gene 
regions, the DNA sequences encoding virus-associated RNA, 

5 adeno-associated virus rep gene region, the adeno- 

associated virus cap gene region and optionally the E3 
early gene region, and said mutant virus carries a 
deletion of adeno-associated virus rep gene region and is 
free of helper adenovirus. 

10 

28. A recombinant adeno-associated viral 
vector defective in replication grown in a packaging cell 
line, wherein said packaging cell line comprises El, E2A, 
E4 early gene regions, the DNA sequences encoding virus - 

15 associated RNA, adeno-associated virus rep gene region, 

adeno-associated virus cap gene region and optionally the 
E3 early region, said viral vector carries a deletion of 

adeno-associated virus rep gene region and is 
free of helper adenovirus, and additionally comprises a 

20 transgene that replaces said deletion. 

29. A method of infecting a mammalian target 
cell with a recombinant adenovirus or adeno-associated 
virus containing a transgene, said method comprising the 

25 steps of: 

i. infecting said target cell with a 

recombinant viral vector of any one of 
claims 21, 22, 24, 26 or 28 in the 
alternative, said viral vector carrying a 
30 selected transgene and, 

ii. expressing said transgene in the targeted 
cell . 
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30- Mammalian target cells infected with a 
transgene produced by the method of claim 29. 

31. The target cells of claim. 30 wherein said 
5 cells are selected from the group consisting of 

replicating, slow-replicating or non-replicating human 
cells . 

32. The packaging cell line derived from human 
10 embryonic kidney cells given the ATCC designation #CRL 

11711. 

33. A method of treating a hereditary or 
acquired disease, said method comprising the steps of: 

15 i. administering a pharmaceutical^ 

acceptable dose of a recombinant 
adenoviral derived- or adeno-associated 
viral derived- vector of any one of claims 
21, 22, 24, 26, or 28 in the alternative, 

2 0 in a target cell, wherein said vector 

comprises a transgene wherein said 
transgene is a therapeutic gene, and 
ii. expressing said therapeutic gene in the 
target cell such that the hereditary or 

25 acquired disease is ameliorated. 

34. A vaccine comprising a recombinant 
adenoviral derived or adeno-associated viral derived 
vector of any one of claims 21, 22, 24, 26, 28, 36, 55, 

30 57, 59, 60 or 62 in the alternative, and a 

pharmaceutically acceptable carrier. 
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35. A packaging cell line that supports the 
growth of an adenoviral vector, wherein said vector 
comprises at least two deletions selected from the group 
consisting of El and E4 early gene regions and optionally 

5 a deletion of the E3 gene region, wherein said 

recombinant adenoviral vector additionally comprises a 
transgene that replaces any one of said deletions . 

36. A recombinant adenoviral vector, wherein 
10 said vector comprises at least two deletions selected 

from the group consisting of El and E4 early gene 
regions, and optionally a deletion of the E3 gene region, 
wherein said recombinant adenoviral vector additionally 
comprises a transgene that replaces any one of said 
15 deletions. 

37. A DNA plasmid comprising an adenoviral 
gene fragment E4 open reading frame 0RF6 operably linked 
to an inducible promoter. 

20 

38. The DNA plasmid of claim 37 wherein the 
inducible promoter is a promoter selected from the cAMP 
response element binding protein regulated genes. 

25 39. The DNA plasmid of claim 38 wherein the 

inducible promoter is selected from the gene encoding 
mammalian alpha inhibin. 

40. The DNA plasmid of claim 39 wherein the 
3 0 inducible promoter is from mouse alpha inhibin. 
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10 



41. The DNA plasmid of claim 37 wherein the 
inducible promoter is selected from a drug inducible 
tetracycline responsive promoter. 

42. The plasmid pIK6 . 1 MIP(a)-E4 ORF6 
designated ATCC # 

43. A DNA plasmid comprising an adenoviral 
gene E2A operably linked to an inducible promoter. 

44. The DNA plasmid of claim 43 wherein the 
inducible promoter is a promoter selected from the cAMP 
response element binding protein regulated genes. 

15 45. The DNA plasmid of claim 44 wherein the 

inducible promoter is selected from the gene encoding 
mammalian alpha inhibin. 

46. The DNA plasmid of claim 45 wherein the 
20 inducible promoter is from mouse alpha inhibin. 

47. The DNA plasmid of claim 45 wherein the 
inducible promoter is a drug inducible tetracycline 
responsive promoter. 



25 



48. The plasmid pIK6.1 MIP(a)-E2A designated 

ATCC #. 



49. A packaging cell line that supports the 
3 0 growth of a mutant adenovirus defective in replication or 

a recombinant adenoviral vector, wherein said adenovirus 
or adenoviral vector comprises at least two deletions, at 
least two mutations; or at least one mutation and one 
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deletion selected from the group consisting of El, E2A, 
E4-ORF6 early regions, and optionally a deletion of the 
E3 gene region and said recombinant adenoviral vector 
additionally comprises a transgene that replaces any one 
5 of said deletions. 

50. A packaging cell line that supports the 
growth of a mutant adenovirus defective in replication or 
a recombinant adenoviral vector, wherein said adenovirus 
or adenoviral vector comprises two deletions from the El 
and E4-ORF6 early gene regions, and optionally a 
deletion of the E3 gene region and said recombinant 
adenoviral vector additionally comprises a transgene that 
replaces any one of said deletions . 

51. The packaging cell line derived from human 
embryonic kidney cells transfected with the adenovirus 5 
E4 ORF6 DNA gene fragment designated #CRL 

52. A packaging cell line that supports the 
growth of a mutant adenovirus defective in replication or 
a recombinant adenoviral vector, wherein said adenovirus 
or adenoviral vector comprises two deletions from. the El 
and E2A early gene regions, and optionally a deletion of 
the E3 gene region and said recombinant adenoviral vector 
additionally comprises a transgene that replaces any one 
of the deletions. 

53. A DNA plasmid comprising one or more 
30 adnoviral late gene regions operably linked to a 

tetracycline responsive promoter. 
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54, The DNA plasmid of claim 53 wherein said 
adenoviral late gene region is selected from LI, L2, L3 , 
L4 or L5. 

5 55. A recombinant adenoviral vector, wherein 

said vector comprises two deletions from the El and E4 
early gene regions, and optionally a deletion of the E3 
gene region, and further wherein said recombinant 
adenoviral vector additionally comprises a transgene that 
10 replaces any of said deletions. 

56. A mutant adenovirus defective in 
replication, wherein said adenovirus comprises two 
deletions from the El and E4 early regions, and 

15 optionally a deletion of the E3 region. 

57. A recombinant adenoviral vector, wherein, 
said vector comprises three deletions from the El, E2A 
and E4 early gene regions, and optionally a deletion of 

20 the E3 gene region, and further wherein said recombinant 

adenoviral vector additionally comprises a transgene that 
replaces any of said deletions. 

58. A mutant adenovirus defective in 

25 replication, wherein said adenovirus comprises three 

deletions from the El, E2A and E4 early regions, and 
optionally a^ deletion of the E3 region 

59. A recombinant adenoviral vector, wherein 
30 said vector comprises two deletions from the El and E2A 

early gene regions, and optionally a deletion of the E3 
gene region, and further wherein said recombinant 
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adenoviral vector additionally comprises a transgene that 
replaces any of said deletions . 

60. A mutant adenovirus defective in 

5 replication, wherein said adenovirus comprises two 

deletions from the El and E2A early regions, and 
optionally a deletion of the E3 region. 

61. The recombinant adenoviral vector of claim 
10 21, 22, 36, 55, 57 or 59 wherein said transgene is 

expressed under the control of the human phosphoglycerate 
kinase promoter. 

62 . The recombinant adeno-associated viral 
15 vector of claim 26 or 28 wherein said transgene is 

expressed under the control of the human phosphoglycerate 
kinase promoter. 
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